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BACKGROUND OF THE INVENTION 



This application claims benefit of priority to U.S. Provisional Application Serial 
No. 60/219,020, filed July 18, 2000. The government may own rights in the present 
5 invention pursuant to grant number HL07360 from the National Institutes of Health. 

1. Field of the Invention 

The present invention relates generally to the fields of developmental biology and 
molecular biology. More particularly, it concerns a striated muscle RING finger protein 
10 (MURF) involved in microtubule and intermediate filament stabilization of striated 
muscle cells. 

2. Description of Related Art 

The RING-finger is an unusual type of Cys-His zinc-binding motif found in a 
15 growing number of proteins with roles in signal transduction, gene transcription, 
differentiation, and morphogenesis (Borden, 1998; Saurin et aL, 1996). A RING-B-box- 
coiled-coil (RBCC) subclass of RING-finger proteins contains an N-terminal RING- 
finger followed by a single or multiple additional zinc-finger domains, termed B-boxes, 
and a leucine-rich coiled-coil domain (Borden, 1998). The tripartite organization of these 
Q 20 domains is evolutionarily conserved, suggesting an integrated and functional role for this 
overall protein structure. It should also be noted that the RING-finger and B-box motifs 
have been identified based on sequence homologies and are predicted to function as zinc- 
binding domains. However, their precise functions have not been fully elucidated. There 
is evidence suggesting that the RING-finger, B-box and coiled-coil domains mediate 
25 protein-protein interactions. 

Several RBCC proteins have been implicated in oncogenesis. The RBCC 
member PML becomes fused to the retinoic acid receptor alpha in acute promyelocytic 
leukemia (De The et al, 1991). Similarly, the RBCC proteins BRCAl, Cbl, Rfp, TIFl, 
and MDM2 have been demonstrated to be oncogenic when fused to other factors through 
30 chromosomal translocation events (Saurin et aL, 1996). Other RBCC proteins have been 



250S3203.1 



2 



implicated in signal transduction, organellar biogenesis, chromosomal dynamics, viral 
pathogenesis, transcription, and developmental patterning (Saurin etal, 1996). 

Recently, a complex congenital human disease, Opitz G/BBB syndrome, was 
shown to result from mutations in the RBCC protein, Midi (Quaderi et al, 1997). Opitz 
G/BBB syndrome is characterized by abnormalities of midline structures, including 
hypertelorism, clefts of lip and palate, larygotracheoesophageal defects, hypospadias, 
imperforate anus, and developmental delay. The Midi gene product is widely expressed 
during development and interacts with microtubules throughout the cell cycle (Cainarca 
et al, 1999). Overexpression of Midi leads to a stable population of microtubules 
resistant to depolymerization (Schweiger et al, 1999). Interestingly, mutations of Midi 
that are linked to Opitz G/BBB syndrome severely diminish the ability of Midi to interact 
with microtubules, suggesting that Midl-microtubule interaction and/or microtubule 
dynamics are involved in the processes required for normal development of the midline 
structures affected in Opitz G/BBB syndrome. 

Many questions remain regarding the function of Midi -type proteins and their 
interactions with microtbules. Nonetheless, it is clear that such molecules play an 
important role in development, function and pathology of a wide variety of cell types. 

SUMMARY OF THE INVENTION 

Therefore, in one aspect of the invention, there is provide a DNA segment 
encoding a MURF-1, MUHF-2 or MURF-3 polypeptide. The MURF-1, MURF-2 or 
MURF-3 polypeptide may jbe human, mouse, dog, rabbit, rat, Drosphila, yeast or other 
species. In a particular Embodiment, the MURF-1 polypeptide has the sequence of 
SEQ ID N0:2, the MUBi-2 polypeptide has the sequence of SEQ ID N0:4, and the 
MURF-3 polypeptide h^ the sequence of SEQ ID N0:6. In yet more particular 
embodiments, the MUM^-l DNA segment has the sequence of SEQ ID N0:1, the 
MURF-2 DNA segmenll has the sequence of SEQ ID N0:3, and the MURF-3 DNA 
segment has the sequend^ of SEQ ID NO: 5. 

The DNA segment may be positioned under the control of a promoter, for 
example, a promoter not native to the MURF-1, MURF-2 or MURF-3 coding region. 
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The MURF-1, MURF-2 or MURF-3 coding region gene may be positioned in reverse 
orientation to the promoter, thereby capable of expressing an antisense product. The 
DNA segment may further comprise a polyadenylation signal. The DNA segment may 
further comprise an origin of replication. The DNA segment may be viral vector or a 
non-viral vector. 

In another aspect of the invention, there is provided a host cell comprising a DNA 
segment that encodes a MURF-1, MURF-2 or MURF-3 polypeptide, wherein said DNA 
segment comprises a promoter heterologous to the MURF-1, MURF-2 or MURF-3 
coding region. The host cell may further be defined as a prokaryotic host cell or a 
eukaryotic host cell. The host cell may be a secretory cell. 

In yet another aspect of the invention, there is provided a method of using a host 
cell comprising an expression cassette comprising a polynucleotide encoding a MURF-1, 
MURF-2 or MURF-3 polypeptide and a promoter active in said host cell, said promoter 
directing the expression of said polypeptide, said method comprising culturing the host 
cell under conditions suitable for the expression of the MURF-1, MURF-2 or MURF-3 
polypeptide. 

In still yet another aspect of the invention, there is provided an isolated nucleic 
acid segment comprising at least 15 contiguous nucleotides of SEQ ID NO.l, SEQ ID 
N0:3 or SEQ ID N0:5. The isolated nucleic acid segment may be 15, 20, 25, 30, 35, 40, 
45, 50, 75 or 100 nucleotides in length. The number of contiguous nucleotides may be 
increased to 20, 25, 30, 35, 40, 45, 50, 75 or 100. 

In still yet an additional embodiment, there is provided as an isolated nucleic acid 
segment of from 14 to about 888 nucleotides in length that hybridizes to the nucleic acid 
segment of SEQ ID N0:1, SEQ ID N0:3 SEQ ID N0:5, or complements thereof, under 
standard hybridization conditions. The isolated nucleic acid segment may further 
comprise an origin of replication. The isolated nucleic acid may be a viral vector selected 
from the group consisting of retrovirus, adenovirus, herpesvirus, vaccinia virus, poxvirus, 
and adeno-associated virus. Further, the isolated nucleic acid may be packaged in a 
liposome. 

In another aspect of the invention, there is provided a nucleic acid detection kit 
comprising, in suitable container means, an isolated nucleic acid segment that hybridizes 
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under high stringency conditions to the nucleic acid sequence of SEQ ID N0:1, SEQ ID 
N0:3 or SEQ ID N0:5, or complements thereof. The may further comprise a detection 
reagent, for example, a detectable label that is linked to said nucleic acid segment. 

In yet another embodiment, there is provided a composition comprising a purified 
MURF-1, MURF-2 or MlJRF-3 protein or peptide that includes a contiguous amino acid 
sequence from SEQ ID N0:2, SEQ ID N0:4 or SEQ ID N0:6. In still yet another 
embodiment, there is provided a purified MURF protein having the amino acid sequence 
of SEQ ID N0:2, SEQ ID N0:4 or SEQ ID N0:6. In still a further embodiment, there is 
provided a recombinant MURF-1, MURF-2 or MURF-3 protein or peptide prepared by 
expressing a DNA segment that encodes a MURF-1, MURF-2 or MURF-3 protein or 
peptide in a recombinant host cell and purifying the expressed MURF-1, MURF-2 or 
MURF-3 protein or peptide away from total recombinant host cell components. 

In another embodiment, there is provided an isolated peptide of between about 10 
and about 50 amino acids in length, comprising a contiguous amino acid sequence from 
the sequence of SEQ ID N0:2, SEQ ID N0:4 or SEQ ID N0:6. The peptide may be 
about 10, 15, 20, 25, 30, 35, 40, 45, 50, 75 or 100 amino acids in length. In yet another 
embodiment, there is provided an antibody composition that binds to a protein or peptide 
that includes an epitope from SEQ ED N0:2, SEQ ID N0:4 or SEQ ID N0:6. The 
antibody composition may comprise monoclonal antibodies or polyclonal antibodies. 
The antibodies of the composition are operatively attached to a detectable label, the label 
could be selected from the group consisting of a fluorescent label, a chemiluminescent 
label, a electroluminescent label, a radiolabel and an enzyme. Also provided is a 
hybridoma cell that produces a monoclonal antibody that binds immunologically to 
MURF-1, MURF-2 or MURF-3. Also provided is an immunodetection kit comprising, in 
suitable container means, a first antibody that binds to a MURF-1, MURF-2 or MURF-3 
protein or peptide. 

In still yet another embodiment, there is provided a method for detecting 
alterations in MURF-1, MURF-2 or MURF-3 function in a cell comprising assessing the 
structure or expression level of a MURF-1, MURF-2 or MURF-3 polypeptide. The 
method may comprise determining the structure of a MURF-1, MURF-2 or MURF-3 
gene, for example, sequencing a MURF-1, MURF-2 or MURF-3 gene, or Southern or 
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Northern analysis of a MURF-1, MURF-2 or MURF-3 transcript or gene. Alternatively, 
the assessing may comprise determining the level of a MURF-1, MURF-2 or MURF-3 
protein or transcript in the cell, for example, by Northern analysis of MURF-1, MURF-2 
or MURF-3 transcripts, or immunodetection of MURF-1, MURF-2 or MURF-3 protein 

5 levels (ELISA, Western blot). 

In yet a further embodiment, there is provided a method for increasing MURF-1, 
MURF-2 or MURF-3 activity in cell comprising administering to the cell with an 
expression construct comprising a MURF-1, MURF-2 or MURF-3 coding region under 
the control of a promoter active in the cell 

10 In still yet a further embodiment, there is provided a method of screening a 

candidate substance for MURF-1, MURF-2 or MURF-3 binding activity comprising (i) 
providing a MURF-1, MURF-2 or MURF-3 polypeptide; (ii) contacting the MURF-1, 
MURF-2 or MURF-3 polypeptide with the candidate substance; and (iii) determining the 
binding of the candidate substance to the MURF-1, MURF-2 or MURF-3 polypeptide. 

15 The assay may be performed in a cell free system or in a cell. 

In another embodiment, there is provided a method of screening a candidate 
substance for an effect on MURF-1, MURF-2 or MURF-3 levels in a cell comprising (i) 
providing a cell that expresses MURF-1, MURF-2 or MURF-3 polypeptide; (ii) 
contacting the cell with the candidate substance; and (iii) determining the effect of the 

20 candidate substance on MURF- 1 , MURF-2 or MURF-3 polypeptide level. 

In still another embodiment, there is provided a method of screening a candidate 
substance for an effect on MURF-1, MURF-2 or MURF-3 expression in a cell 
comprising (i) providing a cell that expresses MURF-1, MURF-2 or MURF-3 
polypeptide; (ii) contacting the cell with the candidate substance; and (iii) determining 

25 the effect of the candidate substance on MURF-1, MURF-2 or MURF-3 mRNA levels. 

In still yet another embodiment, there is provided a method of screening a 
candidate sustance for an effect on MURF-1, MURF-2 or MURF-3 interaction with 
microtubles comprising (i) providing a microtubule composition; (ii) contacting the 
microtubule composition with MURF-1, MURF-2 or MURF-3 polypeptide in the 

30 presence of the candidate substance; and (iii) assessing the interaction of MURF-1, 
MURF-2 or MURF-3 with the microtubule composition in the presence of the candidate 
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substance, wherein a change in the interaction of MURF-1, MURF-2 or MURF-3 with 
the microtubule composition, as compared to the interaction in the absence of the 
candidate substance, indicates that the candidate substance modulates the interaction of 
MURF-1, MURF-2 or MURF-3 and microtubules. Step (iii) may comprise a 
cosedimentation assay. 

In another embodiment, there is provided a method for screening a candidate 
substance for an effect on MURF-1, MURF-2 or MURF-3 homodimeraization 
comprising (i) providing a MURF-1, MURF-2 or MURF-3 polypeptide composition; (ii) 
contacting the composition with the candidate substance; and (iii) determining the effect 
of the candidate substance on MURF-1, MURF-2 or MURF-3 homodimerization. 

In still another embodiment, there is provided a method of screening a candidate 
substance for an effect on MURF-1, MURF-2 or MURF-3 directed glutamic acid 
modification of microtubules comprising (i) providing a cell that expresses MURF-1, 
MURF-2 or MURF-3 polypeptide; (ii) contacting the cell with the candidate substance; 
and (iii) determining the effect of the candidate substance on glutamic acid modification 
of microtubules. 

In yet a further embodiment, there is provided a method of screening a candidate 
sustance for an effect on MURF-1, MURF-2 or MURF-3 stabilization of microtubles 
comprising (i) providing a microtubule composition; (ii) contacting the microtubule 
composition with MURF-1, MURF-2 or MURF-3 polypeptide in the presence of the 
candidate substance; and (iii) assessing the stability of the microtubule composition in the 
presence of the candidate substance, wherein a change in the stability of MURF-1, 
MURF-2 or MURF-3 with the microtubule composition, as compared to the stability in 
the absence of the candidate substance, indicates that the candidate substance modulates 
the stability microtubules. 

Also provided is a transgenic non-human mammal, cells of which comprise a 
MURF-1, MURF-2 or MURF-3 encoding nucleic acid segment integrated into their 
genome, wherein the MURF-1, MURF-2 or MURF-3 encoding nucleic acid is under the 
control of a heterologous promoter. The promoter may be a tissue specific promoter, for 
example, a muscle specific promoter, such as myosin light chain-2 promoter, alpha actin 
promoter, troponin 1 promoter, NaVCa^"^ exchanger promoter, dystrophin promoter, 
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creatine kinase promoter, alpha? integrin promoter, brain natriuretic peptide promoter, 
and alpha B-crystallin/small heat shock protein promoter. The transgenic mammal may 
be a mouse. 

In another embodiment, there is provided a method of treating cardiac failure 
comprising increasing MURF-1, MURF-2 or MlJRF-3 activity in a cardiac cell, wherein 
said increased MURF-1, MURF-2 or MlJRF-3 activity stabilizes microtubules and/or 
intermediate filaments. The method may comprise increasing MURF-1, MURF-2 or 
MURF-3 activity by contacting said cardiac cell with an expression cassette that 
comprises a polynucleotide encoding a MURF-1, MURF-2 or MURF-3 polypeptide and a 
promoter active in said cardiac cell, wherein said promoter directing the expression of 
said polypeptide. The promoter may bea cardiac specific promoter. The contacting may 
be by intravenous or intraarterial administration of a vector comprising said expression 
cassette. 

In yet a further embodiment, there is provided amethod of decreasing MURF-1, 
MURF-2 or MURF-3 activity in a cell comprising administering to said cell an agent that 
inhibits MURF-1, MURF-2 and/or MURF-3 activity. The agent be a small molecule, an 
antisense molecule that hybridizes to MURF-1, MURF-2 and/or MURF-3 transcripts, a 
ribozyme molecule that cleaves MURF-1, MURF-2 and/or MURF-3 transcripts. Also 
provided is a method of blocking MURF-1, MURF-2 or MURF-3 expression in a cell 
comprising administering to said cell an agent that inhibits transcription or translation of 
MURF-1, MURF-2 and/or MURF-3. 

In still a further embodiment, there is provided a method of screening a candidate 
sustance for an effect on MURF-1, MURF-2 or MURF-3 interaction with intermediate 
filaments comprising (i) providing an intermediate filament composition; (ii) contacting 
the intermediate filament composition with MURF-1, MURF-2 or MURF-3 polypeptide 
in the presence of the candidate substance; and (iii) assessing the interaction of MURF-1, 
MURF-2 or MURF-3 with the intermediate filament composition in the presence of the 
candidate substance, wherein a change in the interaction of MURF-1, MURF-2 or 
MURF-3 with the intermediate filament composition, as compared to the interaction in 
the absence of the candidate substance, indicates that the candidate substance modulates 
the interaction of MURF-1, MURF-2 or MURF-3 and intermediate filament. The method 
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may be in a cell or a cell free system. It may be performed in vivo. The method may 
comprise a cosedimentation assay. The intermediate filaments may be one or more of 
desmin, vimentin and cytokeratin. 

In yet still a further embodiment, there is provided a method for screening a 
candidate substance for an effect on MURF heterodimerizationcomprising (i) providing 
two or more of a MURF-1, MURF-2 or MURF-3 polypeptide composition; (ii) 
contacting the compositions with the candidate substance; and (iii) determining the effect 
of the candidate substance on the heterodimerization of two or more of MURF- 1, MURF- 
2 or MURF-3. 

In each of the preceding screening embodiments, there also is provided similar 
methods for the production of a modulator, comprising each of the aforementioned 
screening steps, followed by the additional step of producing the modulator so identified. 



The following drawings form part of the present specification and are included to 
further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in combination with the 
detailed description of specific embodiments presented herein. 

FIGS. lA-lD - Amino acid sequence of MURF-1 and structural similarity to 
Midline proteins. FIG. lA. Deduced amino acid sequence of MURF-1. The RING- 
finger domain is boxed, the B-box domain is shaded, and the coiled-coil domain is 
underlined. FIG. IB. Schematic diagrams of MURF-1 and Midline proteins. FIGS. IC 
and ID. Amino acid homologies between the RING-finger and B-box domains, 
respectively, of MURF-1 and Midline proteins. 

FIGS. 2A-2D - Muscle-specific expression of MURF-1 RNA and protein. 
FIG. 2 A. Detection of MURF-1 transcripts by in situ hybridization to mouse embryo 
sections. A transverse section through an E8.5 embryo shows expression exclusively in 
the cardiac forming region. A transverse section through an El 0.5 embryo shows 
expression in the heart and myotomes. A sagittal section through an El 6. 5 embryo 
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shows expression throughout skeletal muscle and heart: a, atria; m, myotome; hf, head 
folds; nt, neural tube; v, ventricle. FIG. 2B. Northern analysis of polyA+ mRNA from 
aduh mouse tissues. A 1.5 kb MURF-1 transcript is detected only in heart and skeletal 
muscle. FIG. 2C. Western blot analysis of MURF-1 protein in extracts from adult mouse 

5 tissues. The 41 kD MURF-1 protein is detected only in heart and skeletal muscle. 
Blotting with anti-tubulin antibody confirmed equal quantities of protein in each lane. 
FIG. ID. RT-PCR analysis of RNA from C2 cells in growth medium (GM) or 
differentiation medium (DM) for 1 or 3 days, as indicated. MURF-1 transcripts are 
detected at low levels in undifferentiated myoblasts in GM and are upregulated during 

10 differentiation. L7 is expressed constitutively and is a control for RNA loading. 

FIGS. 3A-3B - Association of MURF-1 with microtubules demonstrated by 
microtubule sedimentation assay. FIG. 3A. Microtubule cosedimentation of 
endogenous MURF-1 protein from striated muscle. Microtubules from soluble extracts 
from striated muscle were induced to polymerize as described in Material and Methods. 

15 MURF-1 is contained in the microtubule pellet from striated muscle. FIG. 3B. 
Localization of MURF-1 to microtubules of C2 myotubes detected by 
immunofluorescence with anti-MURF-1 antibody, as described in Materials and 
Methods. MURF-1 is localized to filamentous microtubules of the cytoskeleton in C2 
myotubes. 

20 FIGS. 4A-4G - Mapping of domains of MURF-1 required for microtubule 

localization by immunofluorescence. FIGS. 4A-C Hela cells were transfected with 
myc-tagged MURF and immunofluorescence performed. MURF-1 (green) forms 
filaments that directly colocalize with microtubules (red) as seen in panel C. Yellow color 
in C is the resuk of direct overlap of MURF-1 and microtubule localization. FIG. 4D. 

25 Summary of the microtubule binding domain of MURF-1. The leucine-rich coiled-coil 
domain mediates microtubule interaction and the RING-finger is required for filament 
formation. FIG. 4E. Deletion of the N-terminal 16 amino acids akers the undular 
filaments to a more angular assembly. FIG. 4F. The RING-finger domain is required for 
filament formation. FIG. 4G. Deletion of the C-terminal acidic domain does not affect 

30 microtubule interaction nor filament formation. Cos cells were used in FIGS. 4E and 4G. 
Identical resuks were obtained in mukiple cell types. 
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FIGS. 5A-5C - Mapping of domains of MURF-1 required for association with 
tubulin by cosedimentation. FIG. 5A. Schematic representation of the experimental 
protocol used in the in vitro microtubule cosedimentation assay, 293 T cells treated with 
nocodazole were transfected with various myc-tagged versions of MURF-1 and soluble 

5 extracts prepared. Purified tubulin was added and microtubules were polymerized in the 
presence of GTP and EOT A. Polymerized microtubules were pelleted and the resuhing 
supernatant was precipitated. The pellet was subjected to depolymerization by calcium 
and cold treatment. Three cycles of polymerization-depolymerization were repeated 
before western analysis. FIG. 5B. Representation of MURF-1 deletions used in the 

10 analysis. FIG. 5C. Western blot analysis of MURF-1 cosedimentation with 
microtubules. MURF-1 protein containing the leucine-rich coiled-coil domain 
cosediments with microtubules. An equivalent amount of MURF-1 mutant N212 is 
contained in the supernatant and microtubule pellet, lane 5 (*) indicating the amino acids 
167-211 are required for optimal microtubule association. The blot was reprobed for 

15 tubulin content to assess the extent of microtubule polymerization. Densitometric 
analysis revealed greater than 90% of the tubulin input was contained in the microtubule 
pellet. 

FIGS. 6A-6D - Mapping domains of MURF-1 required for homo- 
oligomerization. FIG. 6 A. Various forms of N-terminal Flag-tagged MURF-1 and full- 

35 

20 length C-terminal myc-tagged MURF-1 were in vitro translated in the presence of S- 
methionine and immunoprecipitation performed as described in Material and Methods. 
The leucine-rich coiled-coil domain mediates homo-oligomerization of MURF-1. FIGS. 
6B-D. MURF-1 binds to microtubules in a homo-oligomeric form. Hela Cells were 
transfected with Flag-tagged full-length MURF alone (FIG. 6B) or in combination with 

25 myc-tagged MURF-1 (FIGS. 6C and 6D) and immunofluorescence performed. Flag- 
tagged MURF-1 forms aggregates in the cytoplasm of the cell. In the presence of myc- 
tagged MURF-1, the Flag-tagged MURF-1 and myc-tagged MURF-1 are colocalized in 
filamentous structures in the cell. Identical results were obtained using native MURF-1 
lacking an epitope tag. 

30 FIGS. 7A-7D - Mapping domains of MURF-1 required for microtubule 

stabilization. FIGS. 7A-7C. Expression of MURF-1 stabilizes microtubules. Cos cells 
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were transfected with MURF-1 and treated with 2ocM nocodazole for 2 hours and 
immunofluorescence performed. As seen in panel C, only cells expressing MURF-1 
contain intact microtubules following nocodazole treatment. FIG. 7D. Microtubule 
interaction and filament formation are required for microtubule stabilization. Deletion of 

5 the RING-finger domain (mutant N81) abrogating filament formation or the leucine-rich 
coiled-coil domain (mutant CI 99) preventing microtbubule association ablates the 
microtubule stabilization function of MURF-1. 

FIGS. 8A-8D - Stabilization of microtubules by MURF-1 in vivo. FIGS 8A- 
8C. MURF-1 expression enhances Glu-tubulin formation. Cos cells were transfected 

10 with MURF-1 and immunostained for MURF-1 and Glu-tubulin to detect stable 
microtubules. In panel C only cells expressing MURF-1 have a microtubule network 
enriched in Glu-tubulin. FIG. 8D. MURF-1 expression parallels the appearance of Glu- 
tubulin during skeletal muscle formation in vitro. C2 cells were induced to differentiate 
for varying lengths of time and western blot analysis performed to detect MURF-1 

15 expression and Glu-tubulin. MURF-1 expression is observed immediately after 
differentiation is induced. The formation of Glu-tubulin mirrors the appearance of 
MURF-1 protein. Blotting with an anti-tubulin antibody confirmed equal quantities of 
protein in each lane. 

FIG. 9 - Functional domain structure of MURF-1. MURF-1 is composed of 
20 distinct functional domains. The leucine-rich coiled-coil domain mediates homo- 
oligomerization and microtubule association. The RING-finger domain is required for 
filament formation along microtubules. 

FIG. 10 - Alignment of MURFl, MURF2 and MURF3 protein sequences. 

25 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The present inventors describe herein novel RBCC proteins that show significant 
homology to Midline proteins in the RING-finger and B-box regions. However, this 
protein is structurally distinct from known Midline proteins, and its expression is 
30 restricted to cardiac and skeletal muscle throughout pre- and postnatal development. In 
particular, MURFl is down-regulated in cardiomyopathy mouse models, but its 
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overexpression in the heart also results in cardiac dysfunction and death. Like Midi, 
MURFs bind and stabilizes microtubules against depolymerizing agents. In addition, 
MURFs associate with desmin, cytokeratin and vimentin. Thus, MURFs also appear to 
be general intermediate filament binders. These properties suggest involvement in 
5 microtubule and intermediate filament stabilization in striated muscle cells, which is 
important for alignment of skeletal myoblasts during fusion, myofibrillar assembly, and 
contractile function. MURFs also hetero-associate with each other, although the precise 
significance of these interactions is not yet clear. 

10 1. MURF Peptides and Polypeptides 

MURF is a designation assigned by the present inventors for Muscle RING Finger 
c proteins. While these molecules are distinct from earlier known polypeptides, they 

S appear to be part of a group of structurally- and fiinctionally-related molecules known as 

y Midline proteins. 

2 15 In addition to the entire MURF-1, MURF-2 and MURF-3 molecules, the present 

2 invention also relates to fi-agments of the polypeptides that may or may not retain various 

L of the functions described below. Fragments, including the N-terminus of the molecule 

Q may be generated by genetic engineering of translation stop sites within the coding region 

5 (discussed below). Alternatively, treatment of the MURFs with proteolytic enzymes, 

P 20 known as proteases, can produces a variety of N-terminal, C-terminal and internal 
fragments. Examples of fragments may include contiguous residues of SEQ ID N0S:2, 4 
and 6 of 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 
45, 50, 55, 60, 65, 75, 80, 85, 90, 95, 100, 200, 300, 400 or more amino acids in length. 
These fragments may be purified according to known methods, such as precipitation 
25 (e.g., ammonium sulfate), HPLC, ion exchange chromatography, affinity chromatography 
(including immunoafifinity chromatography) or various size separations (sedimentation, 
gel electrophoresis, gel filtration). 
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A, Structural Features of the Polypeptide 

MURF-1 is 366 amino acid polypeptide. The predicted molecular weight of this 
molecule is 41 kDa, with a resulting pi of 4.82. Thus, at a minimum, this molecule may 
be used as a standard in assays where molecule weight and pi are being examined. 

5 MURF-1 contains several domains that identify it as a RBCC-type of RING- 

fmger protein. A RING-fmger of the C3HC4 type is located near the amino-terminus 
(amino acids 26-81), followed by another type of zinc-finger termed a B-box (amino 
acids 126-158) (FIG. IB), In all other RBBC proteins, the spacing between the RING- 
finger and B-box is also about 40 amino acids (Borden, 1998; Saurin et al, 1996). A 

10 predicted leucine-rich coiled-coil domain (amino acids 212-253) and an acidic region 
(amino acids 335-366) are located in the C-terminal portion of the protein. 

Database searches with the amino acid sequence of MURF-1 revealed highest 
homology to the Opitz-G/BBB syndrome protein Midi and the related factor Mid2 (FIG. 
IC and FIG. ID) with greatest homology in the RING-finger and B-box domains. 

15 Interestingly, MURF-1 does not contain the first B-box of Midi and Mid2 nor the 
butyrophilin-like domain at the C-termini of Mid2 and Mid2, suggesting functional 
differences between the proteins. 



^ B. Functional Aspects 

Q 20 Although the precise role played my MURFs in cellular physiology is not 

^ elucidated, a number of particular functions have been associated with MURF-L First, 

MURF-1 binds both to itself (homo-oligomerization) and to microtubules. Microtubule- 
binding and homo-oligomerization are mediated by the coiled-coil domain at the C- 
terminus. In addition, MURF-1 plays in role in the formation of microfilaments; this is 
25 reliant on the RING-finger domain of MURF-1 . 

MURF-1 is expressed specifically in cardiac and skeletal tissue. It is 
downregulated in late stage failing heart, as the heart loses defined structure and 
contractility. Overexpression of MURF in non-muscle cells inhibits grov^h, presumably 
by binding and stabilizing microtubules, the dissociation of which is a prerequisite for 
30 mitosis. 
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The equilibrium of microtubules between the polymerized and depolymerized 
states influences a variety of cellular processes, including morphological changes, 
migration, and proliferation. The microtubule-binding properties of MURF are similar in 
many respects to those of other microtubule associated proteins, such as MAPs, Midline 
family members, Doublecortin, Lisl, and Tau, which bind and stabilize microtubules 
(Buchner et al, 1999, Cainarca et al., 1999; Gleeson et al., 1999; Hsieh et al, 1999; 
Kaech et al, 1996; Kosik, 1990; Koulakoff al, 1999; Nguyen et al, 1998; Nguyen 
et al, 1998; Sapir et al, 1997; Sapir et al, 1999; Schweiger et al, 1999; Takemura et al, 
1992). 

However, MURF lacks a recognizable microtubule association domain commonly 
contained in MAPs but, instead, associates with microtubules through its leucine-rich 
coiled-coil domain. Other microtubule binding proteins that lack a classic microtubule 
association domain found in MAPs also have been identified, including Midi, Mid2, 
Doublecortin and Lisl. In this respect, MURF is a member of the non-classical MAPs 
lacking a consensus microtubule association domain. With the exception of Midi and 
Mid2, most non-classical MAPs do not share significant homology with MURF, 
suggesting multiple mechanisms for microtubule interaction that may regulate 
microtubule dynamics in different tissues. 

C. Variants of MURFs 

Amino acid sequence variants of the polypeptide can be substitutional, insertional or 
deletion variants. Deletion variants lack one or more residues of the native protein which 
are not essential for function or immunogenic activity, and are exemplified by the variants 
lacking a transmembrane sequence described above. Another common type of deletion 
variant is one lacking secretory signal sequences or signal sequences directing a protein to 
bind to a particular part of a cell.. Insertional mutants typically involve the addition of 
material at a non-terminal point in the polypeptide. This may include the insertion of an 
immunoreactive epitope or simply a single residue. Terminal additions, called fiision 
proteins, are discussed below. 

Substitutional variants typically contain the exchange of one amino acid for another 
at one or more sites within the protein, and may be designed to modulate one or more 
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properties of the polypeptide, such as stability against proteolytic cleavage, without the loss 
of other functions or properties. Substitutions of this kind preferably are conservative, that 
is, one amino acid is replaced with one of similar shape and charge. Conservative 
substitutions are well known in the art and include, for example, the changes of alanine to 
serine; arginine to lysine; asparagine to glutamine or histidine; aspartate to glutamate; 
cysteine to serine; glutamine to asparagine; glutamate to aspartate; glycine to proline; 
histidine to asparagine or glutamine; isoleucine to leucine or valine; leucine to valine or 
isoleucine; lysine to arginine; methionine to leucine or isoleucine; phenylalanine to tyrosine, 
leucine or methionine; serine to threonine; threonine to serine; tryptophan to tyrosine; 
tyrosine to tryptophan or phenylalanine; and valine to isoleucine or leucine. 

The following is a discussion based upon changing of the amino acids of a protein to 
create an equivalent, or even an improved, second-generation molecule. For example, 
certain amino acids may be substituted for other amino acids in a protein structure without 
appreciable loss of interactive binding capacity vAth structures such as, for example, 
antigen-binding regions of antibodies or binding sites on substrate molecules. Since it is the 
interactive capacity and nature of a protein that defines that protein's biological functional 
activity, certain amino acid substitutions can be made in a protein sequence, and its 
underlying DNA coding sequence, and nevertheless obtain a protein with like properties. It 
is thus contemplated by the inventors that various changes may be made in the DNA 
sequences of genes without appreciable loss of their biological utility or activity, as 
discussed below. Table 1 shows the codons that encode particular amino acids. 

In making such changes, the hydropathic index of amino acids may be considered. 
The importance of the hydropathic amino acid index in conferring interactive biologic 
function on a protein is generally understood in the art (Kyte and Doolittle, 1982). It is 
accepted that the relative hydropathic character of the amino acid contributes to the 
secondary structure of the resultant protein, which in turn defines the interaction of the 
protein with other molecules, for example, enzymes, substrates, receptors, DNA, 
antibodies, antigens, and the like. 

Each amino acid has been assigned a hydropathic index on the basis of their 
hydrophobicity and charge characteristics (Kyte and Doolittle, 1982), these are: 
isoleucine (+4.5), valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine 



25053203.1 



16 




(+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); 
tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); 
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 

It is known in the art that certain amino acids may be substituted by other amino 

5 acids having a similar hydropathic index or score and still result in a protein with similar 
biological activity, i.e., still obtain a biological fiinctionally equivalent protein. In making 
such changes, the substitution of amino acids whose hydropathic indices are within ±2 is 
preferred, those which are within ±1 are particularly preferred, and those within ±0.5 are 
even more particularly preferred. 

10 It is also understood in the art that the substitution of like amino acids can be 

made effectively on the basis of hydrophilicity. U.S. Patent 4,554,101, incorporated 
herein by reference, states that the greatest local average hydrophilicity of a protein, as 
governed by the hydrophilicity of its adjacent amino acids, correlates with a biological 
property of the protein. As detailed in U.S. Patent 4,554,101, the following 

15 hydrophilicity values have been assigned to amino acid residues: arginine (+3.0); lysine 
(+3.0); aspartate (+3.0 + 1); glutamate (+3.0 ± 1); serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 ± 1); alanine (-0.5); histidine 
*-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); 
tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 

20 It is understood that an amino acid can be substituted for another having a similar 

hydrophilicity value and still obtain a biologically equivalent and immunologically 
equivalent protein. In such changes, the substitution of amino acids whose hydrophilicity 
values are within ±2 is preferred, those that are within ±1 are particularly preferred, and 
those within ±0.5 are even more particularly preferred. 

25 As outlined above, amino acid substitutions are generally based on the relative 

similarity of the amino acid side-chain substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and the like. Exemplary substitutions that take various of the 
foregoing characteristics into consideration are well known to those of skill in the art and 
include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamine and 

30 asparagine; and valine, leucine and isoleucine. 
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Another embodiment for the preparation of polypeptides according to the invention 
is the use of peptide mimetics. Mimetics are peptide-containing molecules that mimic 
elements of protein secondary structure (Johnson et al, 1993). The underlying rationale 
behind the use of peptide mimetics is that the peptide backbone of proteins exists chiefly to 

5 orient amino acid side chains in such a way as to facilitate molecular interactions, such as 
those of antibody and antigen. A peptide mimetic is expected to permit molecular 
interactions similar to the natural molecule. These principles may be used, in conjunction 
with the principles outline above, to engineer second generation molecules having many of 
the natural properties of MURF-1, MURF-2 and MURF-3, but with altered and even 

10 improved characteristics. 



□ D. Domain Switching 

* As described in the examples, the present inventors have identified murine 

O MURF-1, MURF-2 and MURF-3. Given the homology with other Midline proteins, an 

2 15 interesting series of mutants can be created by substituting homologous regions of 
^ various proteins. This is known, in certain contexts, as "domain switching." 

s Domain switching involves the generation of chimeric molecules using different 

r5 but, in this case, related polypeptides. By comparing various Midline proteins, one can 

^ make predictions as to the functionally significant regions of these molecules. It is 

O 20 possible, then, to switch related domains of these molecules in an effort to determine the 
^ criticality of these regions to MURF-1, MURF-2 and MURF-3 function. These 

molecules may have additional value in that these "chimeras" can be distinguished from 

natural molecules, while possibly providing the same function. 

Particular structural aspects of MURF-1 that provide fertile ground for domain 
25 switching experiments are a RING finger domain (residues 26-81), a B-box (residues 

126-158), a leucine-rich coiled-coil (residues 212-253) and an acid region (residues 335- 

366). These domains may be substituted for related domains of Midline proteins. 

£. Fusion Proteins 

30 A specialized kind of insertional variant is the fusion protein. This molecule 

generally has all or a substantial portion of the native molecule, linked at the N- or C- 
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terminus, to all or a portion of a second polypeptide. For example, fusions typically employ 
leader sequences from other species to permit the recombinant expression of a protein in a 
heterologous host. Another useful fusion includes the addition of a immunologically active 
domain, such as an antibody epitope, to facilitate purification of the fiision protein. 
5 Inclusion of a cleavage site at or near the fusion junction v^ill facilitate removal of the 
extraneous polypeptide after purification. Other useful fusions include linking of functional 
domains, such as active sites from enzymes, glycosylation domains, cellular targeting 
signals or transmembrane regions. 

1 0 F. Purification of Proteins 

It will be desirable to purify MURF-1, MURF-2, MURF-3 or variants thereof 
f-. Protein purification techniques are well known to those of skill in the art. These 

techniques involve, at one level, the crude fractionation of the cellular milieu to 
□ polypeptide and non-polypeptide fractions. Having separated the polypeptide from other 

% 15 proteins, the polypeptide of interest may be further purified using chromatographic and 
2 electrophoretic techniques to achieve partial or complete purification (or purification to 

B homogeneity). Analytical methods particularly suited to the preparation of a pure peptide 

Cj are ion-exchange chromatography, exclusion chromatography; polyacrylamide gel 

^ electrophoresis; isoelectric focusing. A particularly efficient method of purifying 

Q 20 peptides is fast protein liquid chromatography or even HPLC. 

^ Certain aspects of the present invention concern the purification, and in particular 

embodiments, the substantial purification, of an encoded protein or peptide. The term 
"purified protein or peptide" as used herein, is intended to refer to a composition, 
isolatable from other components, wherein the protein or peptide is purified to any degree 
25 relative to its naturally-obtainable state. A purified protein or peptide therefore also 
refers to a protein or peptide, free from the environment in which it may naturally occur. 

Generally, "purified" will refer to a protein or peptide composition that has been 
subjected to fractionation to remove various other components, and which composition 
substantially retains its expressed biological activity. Where the term "substantially 
30 purified" is used, this designation will refer to a composition in which the protein or 
peptide forms the major component of the composition, such as constituting about 50%, 
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about 60%, about 70%, about 80%, about 90%, about 95% or more of the proteins in the 
composition. 

Various methods for quantifying the degree of purification of the protein or 
peptide will be known to those of skill in the art in light of the present disclosure. These 

5 include, for example, determining the specific activity of an active fraction, or assessing 
the amount of polypeptides within a fraction by SDS/PAGE analysis. A preferred 
method for assessing the purity of a fraction is to calculate the specific activity of the 
fraction, to compare it to the specific activity of the initial extract, and to thus calculate 
the degree of purity, herein assessed by a "-fold purification number " The actual units 

10 used to represent the amount of activity will, of course, be dependent upon the particular 
assay technique chosen to follow the purification and whether or not the expressed 
protein or peptide exhibits a detectable activity. 

Various techniques suitable for use in protein purification will be well knovm to 
those of skill in the art. These include, for example, precipitation with ammonium 

15 sulphate, PEG, antibodies and the like or by heat denaturation, followed by 
centrifugation; chromatography steps such as ion exchange, gel filtration, reverse phase, 
hydroxylapatite and affinity chromatography; isoelectric focusing; gel electrophoresis; 
and combinations of such and other techniques. As is generally known in the art, it is 
believed that the order of conducting the various purification steps may be changed, or 

20 that certain steps may be omitted, and still result in a suitable method for the preparation 
of a substantially purified protein or peptide. 

There is no general requirement that the protein or peptide always be provided in 
their most purified state. Indeed, it is contemplated that less substantially purified 
products will have utility in certain embodiments. Partial purification may be 

25 accomplished by using fewer purification steps in combination, or by utilizing different 
forms of the same general purification scheme. For example, it is appreciated that a 
cation-exchange column chromatography performed utilizing an HPLC apparatus will 
generally result in a greater "-fold" purification than the same technique utilizing a low 
pressure chromatography system. Methods exhibiting a lower degree of relative 

30 purification may have advantages in total recovery of protein product, or in maintaining 
the activity of an expressed protein. 
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It is known that the migration of a polypeptide can vary, sometimes significantly, 
with different conditions of SDS/PAGE (Capaldi et al, 1977). It will therefore be 
appreciated that under differing electrophoresis conditions, the apparent molecular 
weights of purified or partially purified expression products may vary. 

High Performance Liquid Chromatography (HPLC) is characterized by a very 
rapid separation with extraordinary resolution of peaks. This is achieved by the use of 
very fine particles and high pressure to maintain an adequate flow rate. Separation can be 
accomplished in a matter of minutes, or at most an hour. Moreover, only a very small 
volume of the sample is needed because the particles are so small and close-packed that 
the void volume is a very small fraction of the bed volume. Also, the concentration of 
the sample need not be very great because the bands are so narrow that there is very little 
dilution of the sample. 

Gel chromatography, or molecular sieve chromatography, is a special type of 
partition chromatography that is based on molecular size. The theory behind gel 
chromatography is that the column, which is prepared with tiny particles of an inert 
substance that contain small pores, separates larger molecules from smaller molecules as 
they pass through or around the pores, depending on their size. As long as the material of 
which the particles are made does not adsorb the molecules, the sole factor determining 
rate of flow is the size. Hence, molecules are eluted from the column in decreasing size, 
so long as the shape is relatively constant. Gel chromatography is unsurpassed for 
separating molecules of different size because separation is independent of all other 
factors such as pH, ionic strength, temperature, eta There also is virtually no adsorption, 
less zone spreading and the elution volume is related in a simple matter to molecular 
weight. 

Affinity Chromatography is a chromatographic procedure that relies on the 
specific affinity between a substance to be isolated and a molecule that it can specifically 
bind to. This is a receptor-Ugand type interaction. The column material is synthesized by 
covalently coupling one of the binding partners to an insoluble matrix. The column 
material is then able to specifically adsorb the substance from the solution. Elution 
occurs by changing the conditions to those in which binding will not occur (alter pH, 
ionic strength, temperature, etc). 
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A particular type of affinity chromatography useful in the purification of 
carbohydrate containing compounds is lectin affinity chromatography. Lectins are a class 
of substances that bind to a variety of polysaccharides and glycoproteins. Lectins are 
usually coupled to agarose by cyanogen bromide. Conconavalin A coupled to Sepharose 
5 was the first material of this sort to be used and has been widely used in the isolation of 
polysaccharides and glycoproteins other lectins that have been include lentil lectin, wheat 
germ agglutinin which has been useful in the purification of N-acetyl glucosaminyl 
residues and Helix pomatia lectin. Lectins themselves are purified using affinity 
chromatography with carbohydrate ligands. Lactose has been used to purify lectins from 
10 castor bean and peanuts; maltose has been useful in extracting lectins from lentils and 
jack bean; N-acetyl-D galactosamine is used for purifying lectins from soybean; N-acetyl 
O glucosaminyl binds to lectins from wheat germ; D-galactosamine has been used in 

% obtaining lectins from clams and L-fiicose will bind to lectins from lotus. 

O The matrix should be a substance that itself does not adsorb molecules to any 

5 15 significant extent and that has a broad range of chemical, physical and thermal stability. 
S The ligand should be coupled in such a way as to not affect its binding properties. The 

^ ligand should also provide relatively tight binding. And it should be possible to elute the 

Ci substance without destroying the sample or the ligand. One of the most common forms 

% of affinity chromatography is immunoaflfinity chromatography. The generation of 

O 20 antibodies that would be suitable for use in accord with the present invention is discussed 
below. 



G. Synthetic Peptides 

The present invention also describes smaller MURF-related peptides for use in 
25 various embodiments of the present invention. Because of their relatively small size, the 
peptides of the invention can also be synthesized in solution or on a solid support in 
accordance with conventional techniques. Various automatic synthesizers are 
commercially available and can be used in accordance with known protocols. See, for 
example, Stewart and Young, (1984); Tarn et al, (1983); Merrifield, (1986); and Barany 
30 and Merrifield (1979), each incorporated herein by reference. Short peptide sequences, 
or libraries of overlapping pepfides, usually from about 6 up to about 35 to 50 amino 
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acids, which correspond to the selected regions described herein, can be readily 
synthesized and then screened in screening assays designed to identify reactive peptides. 
Alternatively, recombinant DNA technology may be employed wherein a nucleotide 
sequence which encodes a peptide of the invention is inserted into an expression vector, 
5 transformed or transfected into an appropriate host cell and cultivated under conditions 
suitable for expression. 

H. Antigen Compositions 
The present invention also provides for the use of MURF-1, MURF-2 and MURF-3 

10 proteins or peptides as antigens for the immunization of animals relating to the 
production of antibodies. It is envisioned that MURF-1, MlJRF-2, MURF-3, or portions 
thereof, will be coupled, bonded, bound, conjugated or chemically-linked to one or more 
agents via linkers, polylinkers or derivatized amino acids. This may be performed such 
that a bispecific or muhivalent composition or vaccine is produced. It is further 

15 envisioned that the methods used in the preparation of these compositions will be familiar 
to those of skill in the art and should be suitable for administration to animals, i.e., 
pharmaceutically acceptable. Preferred agents are the carriers are keyhole limpet 
hemocyannin (KLH) or bovine serum albumin (BSA). 

20 in. Nucleic Acids 

The present invention also provides, in another embodiment, genes encoding 
MURF-1, MURF-2 and MURF-3. Genes for murine MURF-1, MURF-2 and MURF-3 
have been identified. The present invention is not limited in scope to these genes, 
however, as one of ordinary skill in the could, using these nucleic acids, readily identify 

25 related homologs in various other species (e.g., rat, rabbit, dog, monkey, gibbon, human, 
chimp, ape, baboon, cow, pig, horse, sheep, cat and other species). 

In addition, it should be clear that the present invention is not limited to the 
specific nucleic acids disclosed herein. As discussed below, a "MURF gene" may 
contain a variety of different bases and yet still produce a corresponding polypeptide that 

30 is functionally indistinguishable, and in some cases structurally, from the human and 
mouse genes disclosed herein. 

23 

25053203.1 




Similarly, any reference to a nucleic acid should be read as encompassing a host 
cell containing that nucleic acid and, in some cases, capable of expressing the product of 
that nucleic acid. In addition to therapeutic considerations, cells expressing nucleic acids 
of the present invention may prove useful in the context of screening for agents that 
5 induce, repress, inhibit, augment, interfere with, block, abrogate, stimulate or enhance the 
function of MURF-1, MURF-2 or MURF-3. 

A, Nucleic Acids Encoding MURFs 

Nucleic acids according to the present invention may encode an entire MURF-1, 
10 MURF-2 or MURF-3 gene, a domain of MURF-1, MURF-2 or MURF-3, or any other 

fragment of MURF-1, MURF-2 or MURF-3 as set forth herein. The nucleic acid may be 

derived from genomic DNA, i.e,, cloned directly from the genome of a particular organism. 

In preferred embodiments, however, the nucleic acid would comprise complementary DNA 

(cDNA). Also contemplated is a cDNA plus a natural intron or an intron derived from 
15 another gene; such engineered molecules are sometime referred to as "mini-genes " At a 

minimum, these and other nucleic acids of the present invention may be used as molecular 

weight standards in, for example, gel electrophoresis. 

The term "cDNA" is intended to refer to DNA prepared using messenger RNA 

(mRNA) as template. The advantage of using a cDNA, as opposed to genomic DNA or 
20 DNA polymerized from a genomic, non- or partially-processed RNA template, is that the 

cDNA primarily contains coding sequences of the corresponding protein. There may be 

times when the full or partial genomic sequence is preferred, such as where the non-coding 

regions are required for optimal expression or where non-coding regions such as introns are 

to be targeted in an antisense strategy. 
25 It also is contemplated that a given MURF from a given species may be represented 

by natural variants that have slightly different nucleic acid sequences but, nonetheless, 

encode the same protein (see Table 1 below). 

As used in this application, the term "a nucleic acid encoding a MURF" refers to a 

nucleic acid molecule that has been isolated free of total cellular nucleic acid. In preferred 
30 embodiments, the invention concerns a nucleic acid sequence essentially as set forth in SEQ 

ID NOS: 1 and 3. The term "as set forth in SEQ ID NOS: 1 or 3 or 5" means that the 
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nucleic acid sequence substantially corresponds to a portion of SEQ ID NO: 1, 3 or 5. The 
term "functionally equivalent codon" is used herein to refer to codons that encode the same 
amino acid, such as the six codons for arginine or serine (Table 1, below), and also refers to 
codons that encode biologically equivalent amino acids, as discussed in the following pages. 

TABLE 1 





Amino Acids 






Codons 




Alanine 


Ala 


A 


GCA 


GCC 


GCG 


GCU 








Cysteine 


Cys 


C 


UGC 


UGU 












Aspartic acid 


Asp 


D 


GAC 


GAU 












Glutamic acid 


Glu 


E 


GAA 


GAG 












Phenylalanine 


Phe 


F 


UUC 


uuu 












Glycine 


Gly 


G 


GGA 


GGC 


GGVJ 


LivjL) 








Histidme 


rllS 


rl 


CAC 


CAU 










''dj 


Isoleucine 


He 


I 


AUA 


AUC 


AUU 










Lysine 


Lys 


K 


AAA 


AAG 












Leucine 


Leu 


L 


UUA 


UUG 


CUA 


cue 


CUG 


CUU 




Methionine 


Met 


M 


AUG 














Asparagine 


Asn 


N 


AAC 


AAU 












Proline 


Pro 


P 


CCA 


CCC 


CCG 


ecu 






5 


Glutamine 


Gin 


Q 


CAA 


CAG 












Arginine 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG 


CGU 




Serine 


Ser 


S 


AGC AGU 


UCA 


ucc 


UCG 


UCU 




Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 








Valine 


Val 


V 


GUA 


GUC 


GUG 


GUU 








Tryptophan 


Trp 


W 


UGG 














Tyrosine 


Tyr 


Y 


UAC 


UAU 











Allowing for the degeneracy of the genetic code, sequences that have at least about 50%, 
10 usually at least about 60%, more usually about 70%, most usually about 80%, preferably at 
least about 90% and most preferably about 95% of nucleotides that are identical to the 
nucleotides of SEQ ID NOS: 1 or 3 or 5 are contemplated. Sequences that are essentially the 
same as those set forth in SEQ ID N0S:1, 3 and 5 may also be functionally defined as 
sequences that are capable of hybridizing to a nucleic acid segment containing the 
1 5 complement of SEQ ID NOS: 1 , 3 and 5 under standard conditions. 

The DNA segments of the present invention include those encoding biologically 
functional equivalent MURF proteins and peptides, as described above. Such sequences 
may arise as a consequence of codon redundancy and amino acid functional equivalency 
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that are known to occur naturally within nucleic acid sequences and the proteins thus 
encoded. Alternatively, functionally equivalent proteins or peptides may be created via the 
application of recombinant DNA technology, in which changes in the protein structure may 
be engineered, based on considerations of the properties of the amino acids being 
5 exchanged. Changes designed by man may be introduced through the application of site- 
directed mutagenesis techniques or may be introduced randomly and screened later for the 
desired function, as described below. 

B, Oligonucleotide Probes and Primers 
10 Naturally, the present invention also encompasses DNA segments that are 

complementary, or essentially complementary, to the sequence set forth in SEQ ID N0S:1, 
o 3 and 5. Nucleic acid sequences that are "complementary" are those that are capable of 

% base-pairing according to the standard Watson-Crick complementary rules. As used herein, 

Q the term "complementary sequences" means nucleic acid sequences that are substantially 

kO 15 complementary, as may be assessed by the same nucleotide comparison set forth above, or 
S as defined as being capable of hybridizing to the nucleic acid segment of SEQ ID NOS: 1, 3 

!^ and 5 under relatively stringent conditions such as those described herein. Such sequences 

-J may encode the entire MURF proteins or fiinctional or non-functional fragments thereof 

Alternatively, the hybridizing segments may be shorter oligonucleotides. Sequences 
3 20 of 17 bases long should occur only once in the human genome and, therefore, suffice to 
specify a unique target sequence. Although shorter oligomers are easier to make and 
increase in vivo accessibility, numerous other factors are involved in determining the 
specificity of hybridization. Both binding affinity and sequence specificity of an 
oligonucleotide to its complementary target increases with increasing length. It is 
25 contemplated that exemplary oligonucleotides of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or more base pairs will be 
used, although others are contemplated. Longer polynucleotides encoding 250, 500, 1000, 
1212, 1500, 2000, 2500, 3000 or 5000 bases and longer are contemplated as well. Such 
oligonucleotides will find use, for example, as probes in Southern and Northern blots and as 
3 0 primers in amplification reactions. 
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Suitable hybridization conditions will be well known to those of skill in the art. In 
certain applications, for example, substitution of amino acids by site-directed mutagenesis, it 
is appreciated that lower stringency conditions are required. Under these conditions, 
hybridization may occur even though the sequences of probe and target strand are not 
5 perfectly complementary, but are mismatched at one or more positions. Conditions may be 
rendered less stringent by increasing salt concentration and decreasing temperature. For 
example, a medium stringency condition could be provided by about 0.1 to 0.25 M NaCl at 
temperatures of about 37°C to about SS^'C, while a low stringency condition could be 
provided by about 0.15 M to about 0.9 M salt, at temperatures ranging from about 20°C to 
10 about 55°C. Thus, hybridization conditions can be readily manipulated, and thus will 
generally be a method of choice depending on the desired results. 

0 In other embodiments, hybridization may be achieved under conditions of, for 

1 5": 

5 example, 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCh, 10 mM dithiothreitol, at 

5 temperatures between approximately 20°C to about 37°C. Other hybridization conditions 

£ 15 utilized could include approximately 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 [M 
W MgCb, at temperatures ranging from approximately 40°C to about IT'C. Formamide and 

h SDS also may be used to alter the hybridization conditions. 

One method of using probes and primers of the present invention is in the search for 
m genes related to MURF-1, MURF-2 or MURF-3 or, more particularly, homologs of MURF- 

2 20 1, MURF-2 or MURF-3 from other species. Normally, the target DNA vwll be a genomic 
or cDNA library, although screening may involve analysis of RNA molecules. By varying 
the stringency of hybridization, and the region of the probe, different degrees of homology 
may be discovered. 

Another way of exploiting probes and primers of the present invention is in site- 
25 directed, or site-specific mutagenesis. Site-specific mutagenesis is a technique useful in 
the preparation of individual peptides, or biologically functional equivalent proteins or 
peptides, through specific mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test sequence variants, incorporating one or more 
of the foregoing considerations, by introducing one or more nucleotide sequence changes 
30 into the DNA. Site-specific mutagenesis allows the production of mutants through the use 
of specific oligonucleotide sequences which encode the DNA sequence of the desired 
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mutation, as well as a sufficient number of adjacent nucleotides, to provide a primer 
sequence of sufficient size and sequence complexity to form a stable duplex on both sides 
of the deletion junction being traversed. Typically, a primer of about 17 to 25 nucleotides 
in length is preferred, with about 5 to 10 residues on both sides of the junction of the 
5 sequence being altered. 

The technique typically employs a bacteriophage vector that exists in both a 
single-stranded and double-stranded form. Typical vectors useful in site-directed 
mutagenesis include vectors such as the Ml 3 phage. These phage vectors are 
commercially available and their use is generally well known to those skilled in the art. 

10 Double-stranded plasmids are also routinely employed in site directed mutagenesis, 
which eliminates the step of transferring the gene of interest from a phage to a plasmid. 

In general, site-directed mutagenesis is performed by first obtaining a single- 
stranded vector, or melting of two strands of a double-stranded vector which includes 
within its sequence a DNA sequence encoding the desired protein. An oligonucleotide 

15 primer bearing the desired mutated sequence is synthetically prepared. This primer is 
then annealed with the single-stranded DNA preparation, taking into account the degree 
of mismatch when selecting hybridization conditions, and subjected to DNA 
polymerizing enzymes such as E. coli polymerase I Klenow fragment, in order to 
complete the synthesis of the mutation-bearing strand. Thus, a heteroduplex is formed 

20 wherein one strand encodes the original non-mutated sequence and the second strand 
bears the desired mutation. This heteroduplex vector is then used to transform 
appropriate cells, such as E. coli cells, and clones are selected that include recombinant 
vectors bearing the mutated sequence arrangement. 

The preparation of sequence variants of the selected gene using site-directed 

25 mutagenesis is provided as a means of producing potentially useful species and is not 
meant to be limiting, as there are other ways in which sequence variants of genes may be 
obtained. For example, recombinant vectors encoding the desired gene may be treated 
with mutagenic agents, such as hydroxylamine, to obtain sequence variants. 
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C Antisense Constructs 

Antisense methodology takes advantage of the fact that nucleic acids tend to pair 
with "complementary" sequences. By complementary, it is meant that polynucleotides 
are those which are capable of base-pairing according to the standard Watson-Crick 
5 complementarity rules. That is, the larger purines will base pair with the smaller 
pyrimidines to form combinations of guanine paired with cytosine (G:C) and adenine 
paired with either thymine (A:T) in the case of DNA, or adenine paired with uracil (A:U) 
in the case of RNA. Inclusion of less common bases such as inosine, 5-methylcytosine, 
6-methyladenine, hypoxanthine and others in hybridizing sequences does not interfere 
10 with pairing. 

Targeting double-stranded (ds) DNA with polynucleotides leads to triple-helix 
O formation; targeting RNA will lead to double-helix formation. Antisense 

5 polynucleotides, when introduced into a target cell, specifically bind to their target 

% polynucleotide and interfere with transcription, RNA processing, transport, translation 

2 15 and/or stability. Antisense RNA constructs, or DNA encoding such antisense RNA's, 
ffl may- be employed to inhibit gene transcription or translation or both within a host cell, 

L either in vitro or in vivo, such as within a host animal, including a human subject. 

ntisense constijacts may be designed to bind to the promoter and other control 
K regions, exons, introns or even exon-intron boundaries of a gene. It is contemplated that 

y 20 the most effective anti ;ense constructs will include regions complementary to intron/exon 
^ splice junctions. Thui;, it is proposed that a preferred embodiment includes an antisense 

construct with compk mentarity to regions within 50-200 bases of an intron-exon splice 
^ I junction. It has been observed that some exon sequences can be included in the construct 
without seriously affecting the target selectivity thereof The amount of exonic material 
25 included will vary depending on the particular exon and intron sequences used. One can 
readily test whether too much exon DNA is included simply by testing the constructs in 
vitro to determine wh ;ther normal cellular function is affected or whether the expression 
of related genes havin]^ complementary sequences is affected. 

As stated above, "complementary" or "antisense" means polynucleotide sequences 
30 that are substantially complementary over their entire length and have very few base 
mismatches. For example, sequences of fifteen bases in length may be termed 
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complementary when they have complementary nucleotides at thirteen or fourteen 
positions. Naturally, sequences which are completely complementary will be sequences 
which are entirely complementary throughout their entire length and have no base 
mismatches. Other sequences with lower degrees of homology also are contemplated. 
5 For example, an antisense construct which has limited regions of high homology, but also 
contains a non-homologous region {e,g., ribozyme; see below) could be designed. These 
molecules, though having less than 50% homology, would bind to target sequences under 
appropriate conditions. 

It may be advantageous to combine portions of genomic DNA with cDNA or 
10 synthetic sequences to generate specific constructs. For example, where an intron is 
desired in the ultimate construct, a genomic clone will need to be used. The cDNA or a 
□ synthesized polynucleotide may provide more convenient restriction sites for the 

remaining portion of the construct and, therefore, would be used for the rest of the 
y sequence. 

i 

2 Z). Ribozymes 

1. Although proteins traditionally have been used for catalysis of nucleic acids, 

%J another class of macromolecules has emerged as useful in this endeavor. Ribozymes are 

m RNA-protein complexes that cleave nucleic acids in a site-specific fashion. Ribozymes 

D 20 have specific catalytic domains that possess endonuclease activity (Kim and Cook, 1987; 

Gerlach et aL, 1987; Forster and Symons, 1987). For example, a large number of 
ribozymes accelerate phosphoester transfer reactions with a high degree of specificity, 
often cleaving only one of several phosphoesters in an oligonucleotide substrate (Cook 
etaL, 1981; Michel and Westhof, 1990; Reinhold-Hurek and Shub, 1992). This 
25 specificity has been attributed to the requirement that the substrate bind via specific base- 
pairing interactions to the internal guide sequence ("IGS") of the ribozyme prior to 
chemical reaction. 

Ribozyme catalysis has primarily been observed as part of sequence-specific 
cleavage/ligation reactions involving nucleic acids (Joyce, 1989; Cook et al^ 1981). For 
30 example, U.S. Patent 5,354,855 reports that certain ribozymes can act as endonucleases ' 
with a sequence specificity greater than that of known ribonucleases and approaching that 
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of the DNA restriction enzymes. Thus, sequence-specific ribozyme-mediated inhibition 
of gene expression may be particularly suited to therapeutic applications (Scanlon et al., 
1991; Sarver et al., 1990). Recently, it was reported that ribozymes elicited genetic 
changes in some cells lines to which they were applied; the altered genes included the 
oncogenes H-ras, c-fos and genes of HIV. Most of this work involved the modification 
of a target mRNA, based on a specific mutant codon that is cleaved by a specific 
ribozyme. 

E. Vectors for Cloning, Gene Transfer and Expression 

Within certain embodiments expression vectors are employed to express a MURF 
polypeptide product, which can then be purified and, for example, be used to vaccinate 
animals to generate antisera or monoclonal antibody With which further studies may be 
conducted. In other embodiments, the expression vectors are used in gene therapy. 
Expression requires that appropriate signals be provided in the vectors, and which include 
various regulatory elements, such as enhancers/promoters fi-om both viral and 
mammalian sources that drive expression of the genes of interest in host cells. Elements 
designed to optimize messenger RNA stability and translatability in host cells also are 
defined. The conditions for the use of a number of dominant drug selection markers for 
establishing permanent, stable cell clones expressing the products are also provided, as is 
an element that links expression of the drug selection markers to expression of the 
polypeptide. 

(i) Regulatory Elements 
Throughout this application, the term "expression construct" is meant to include 
any type of genetic construct containing a nucleic acid coding for a gene product in 
which part or all of the nucleic acid encoding sequence is capable of being transcribed. 
The transcript may be translated into a protein, but it need not be. In certain 
embodiments, expression includes both transcription of a gene and translation of mRNA 
into a gene product. In other embodiments, expression only includes transcription of the 
nucleic acid encoding a gene of interest. 
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In preferred embodiments, the nucleic acid encoding a gene product is under 
transcriptional control of a promoter. A "promoter" refers to a DNA sequence recognized 
by the synthetic machinery of the cell, or introduced synthetic machinery, required to 
initiate the specific transcription of a gene. The phrase "under transcriptional control" 

5 means that the promoter is in the correct location and orientation in relation to the nucleic 
acid to control RNA polymerase initiation and expression of the gene. 

The term promoter will be used here to refer to a group of transcriptional control 
modules that are clustered around the initiation site for RNA polymerase II. Much of the 
thinking about how promoters are organized derives from analyses of several viral 

10 promoters, including those for the HSV thymidine kinase {tk) and SV40 early 
transcription units. These studies, augmented by more recent work, have shown that 
promoters are composed of discrete functional modules, each consisting of approximately 
7-20 bp of DNA, and containing one or more recognition sites for transcriptional 
activator or repressor proteins. 

15 At least one module in each promoter functions to position the start site for RNA 

synthesis. The best knovm example of this is the TATA box, but in some promoters 
lacking a TATA box, such as the promoter for the mammalian terminal deoxynucleotidyl 
transferase gene and the promoter for the SV40 late genes, a discrete element overlying 
the start site itself helps to fix the place of initiation. 

20 Additional promoter elements regulate the frequency of transcriptional initiation. 

Typically, these are located in the region 30-110 bp upstream of the start site, although a 
number of promoters have recently been shown to contain functional elements 
downstream of the start site as well. The spacing between promoter elements frequently 
is flexible, so that promoter function is preserved when elements are inverted or moved 

25 relative to one another. In the tk promoter, the spacing between promoter elements can 
be increased to 50 bp apart before activity begins to decline. Depending on the promoter, 
it appears that individual elements can function either co-operatively or independently to 
activate transcription. 

In various embodiments, the human cytomegalovirus (CMV) immediate early 

30 gene promoter, the SV40 early promoter, the Rous sarcoma virus long terminal repeat, rat 
insulin promoter and glyceraldehyde-3 -phosphate dehydrogenase can be used to obtain 
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high-level expression of the coding sequence of interest. The use of other viral or 
mammalian cellular or bacterial phage promoters which are well-known in the art to 
achieve expression of a coding sequence of interest is contemplated as well, provided that 
the levels of expression are sufficient for a given purpose. 
5 By employing a promoter with well-known properties, the level and pattern of 

expression of the protein of interest following transfection or transformation can be 
optimized. Further, selection of a promoter that is regulated in response to specific 
physiologic signals can permit inducible expression of the gene product. Tables 2 and 3 
list several regulatory elements that may be employed, in the context of the present 
10 invention, to regulate the expression of the gene of interest. This list is not intended to be 
exhaustive of all the possible elements involved in the promotion of gene expression but, 

O merely, to be exemplary thereof 

Enhancers are genetic elements that increase transcription from a promoter 

O located at a distant position on the same molecule of DNA. Enhancers are organized 

S 15 much like promoters. That is, they are composed of many individual elements, each of 

S which binds to one or more transcriptional proteins. 

- The basic distinction between enhancers and promoters is operational. An 

S enhancer region as a whole must be able to stimulate transcription at a distance; this need 

J not be true of a promoter region or its component elements. On the other hand, a 

D 20 promoter must have one or more elements that direct initiation of RNA synthesis at a 
^ particular site and in a particular orientation, whereas enhancers lack these specificities. 

Promoters and enhancers are often overlapping and contiguous, often seeming to have a 
very similar modular organization. 

Below is a list of viral promoters, cellular promoters/enhancers and inducible 
25 promoters/enhancers that could be used in combination with the nucleic acid encoding a 
gene of interest in an expression construct (Table 2 and Table 3). Additionally, any 
promoter/enhancer combination (as per the Eukaryotic Promoter Data Base EPDB) could 
also be used to drive expression of the gene. Eukaryotic cells can support cytoplasmic 
transcription from certain bacterial promoters if the appropriate bacterial polymerase is 
30 provided, either as part of the delivery complex or as an additional genetic expression 
construct. 
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TABLE 2 


Promoter and/or Enhancer 


Promoter/Enhancer 


References 


Immunoglobulin Heavy Chain 


Banerji etal, 1983; Gules etal., 1963, (jrosscneai 
et al, 1985; Atchinson et al., 1986, 1987; Imler 
etal, 1987; Weinberger e/a/., 1964, Kiieajian 
etal, 1988; Porton al; 1990 


Immunoglobulin Light Chain 


Queen a/., 1983; Picard et ai, 1984 


T-Cell Receptor 


Luria etal, 1987, Winoto e/a/., 1989; Redondo 
etal, 199U 


HLA DQ a and/or DQ p 


Sullivan a/., 1987 


B-Interferon 


Goodboum etal, 1986; Fujita etal, 1987; 
Goodboume/a/., 1988 


Interleukin-2 


Greene a/., 1989 


Interleukin-2 Receptor 


Greene et al, 1989, Lin et al, 1990 


MHC Class II 5 


Kochefa/., 1989 


MHC Class II HLA-DRa 


Sherman a/., 1989 


P-Actin 


Kawamoto e/ al, 1988; Ng a/.; 1989 


Muscle Creatine Kinase (MCK) 


Jaynes etal, 1988; Horlick etal, 1989; Johnson 
e/a/., 1989 


Prealbumm (Transthyretm) 


Costa et aL^ lyoo 


Elastase I 


Urnitz et aL^ lyo/ 


Metallotnionem (^M i lij 




CoUagenase 




Albumin 


PinVprt ^/ /7/ 1 987 Tronche et al 1 989 1 990 


r/-Fptnnrotein 


Godbout et al, 1988; Campere al, 1989 


t-Globin 


Bodine a/., 1987; Perez-Stable et al, 1990 


p-Globin 


Trudele/a/., 1987 


c-fos 


Cohen era/., 1987 


c-HA-ra5 


Triesman, 1986; Deschamps era/., 1985 


Insulin 


Edlunde/a/., 1985 
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TABLE 2 


Promoter and/or Enhancer 


Promoter/Enhancer 


References 


Neural Cell Adhesion Molecule 
(NCAM) 


Hirshe/a/., 1990 


ai- Ant itry pain 


Latimer era/., 1990 


H2B (TH2B) Histone 


Hwang etaL, 1990 


Mouse and/or Type I Collagen 


RipeetaL, 1989 


(GRP94 and GRP78) 


Ch^^naetal 1989 


Rat Growth Hormone 


Larsen etal^ 1986 


Human Serum Amyloid A (SAA) 


Edbrookee/a/., 1989 


Troponin I (TN I) 


Yutzeye/a/., 1989 


Platelet-Derived Growth Factor 


Peche^a/., 1989 


(PDGF) 




Duchenne Muscular Dystrophy 


Klamute/a/., 1990 


SV40 


Banerji etal, 1981; Moreau etal, 1981; Sleigh et 
al, 1985; Firak et al, 1986; Herr et ai, 1986; 
Imbra et al 1986- Kadesch et al. 1986 Wang et 
al, 1986; Ondek etal, 1987; Kuhl e/a/., 1987; 
Schaffnere/a/., 1988 


Polyoma 


Swartzendruber etal, 1975; Vasseur etal, 1980; 
Katinka etal, 1980, 1981; Tyndell e^a/., 1981; 
Dandolo etal, 1983; de Villiers etal, 1984; Hen 
e/a/., 1986; Satake etal, 1988; Campbell and/or 
Villarreal, 1988 


Retroviruses 


Kriegler e/a/., 1982, 1983; Levinson a/., 1982; 
Kriegler etal, 1983, 1984a, b, 1988; Bosze etal, 
1986; Miksicek etal, 1986; Celander etal, 1987; 
Thiesen etal, 1988; Celander etal, 1988, Choi 
etal, 1988; Reisman a/., 1989 


Papilloma Virus 


Campo etal, 1983; Lusky e^a/., 1983, Spandidos 
and/or Wilkie, 1983; Spalholz etal, 1985; Lusky 
etal, 1986; Cripe etal, 1987; Gloss etal, 1987; 
Hirochika e/ a/., 1987; Stephens et al, 1987; Glue 
etal, 1988 


Hepatitis B Virus 


Bulla e/a/., 1986; Jameel etal, 1986; Shaul etal, 
1987; Spandau e/a/., 1988; Vannice etal, 1988 
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TABLE 2 


Promoter and/or Enhancer 


Promoter/Enhancer 


References 


rluman irnniunoaeiiciency v ii 


Miie<;ine et al 1987" Hauber etal, 1988; 
Jakobovits e/a/., 1988; Feng etal., 1988; Takebe 
etal., lyoo, Kosen eiai., lyoo, oeiKJioui ciui., 
1989; Laspia e/a/., 1989; Sharp 1989; 
Braddocke/fl/., 1989 


Cytomegalovirus (CMV) 


Weber etal, 1984; Boshart etal, 1985; Foecking 
etal, 1986 


Gibbon Ape Leukemia Virus 


Holbrooke/ a/., 1987; Quinn e/ a/., 1989 



ffl 



TABLE 3 

Inducible Elements 


Element 


Inducer 


References 


Mxn 


Phorbol Ester (TFA) 
Heavy metals 


Palmiter etal, 1982, 
Haslinger etal, 1985; 
Searle etal, 1985; Stuart 
etal, 1985; Imagawa 
etal, 1987, Karin etal, 
1987; Angel etal, 1987b; 
McNeall etal, 1989 


MMTV (mouse mammary 
tumor virus) 


Glucocorticoids 


Huang etal, 1981; Lee 
etal, 1981; Majors etal, 
1983; Chandler etal, 
1983; Lee etal, 1984; 
Ponta etal, 1985; Sakai 
etal, 1988 


P-Interferon 


poly(rI)x 
poly(rc) 


Tavernier e?a/., 1983 


Adenovirus 5 E2 


ElA 


Imperiale etal, 1984 


CoUagenase 


Phorbol Ester (TP A) 


Angel etal, 1987a 


Stromelysin 


Phorbol Ester (TPA) 


Angeled a/., 1987b 


SV40 


Phorbol Ester (TPA) 


Angel a/., 1987b 


Murine MX Gene 


Interferon, Newcastle 
Disease Virus 


Hugefa/., 1988 
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TABLE 3 

Inducible Elements 


Element 


moucer 


R pfrrpnnps 


GRP78 Gene 


A23187 


Resendeze/a/., 1988 


a-2-Macroglobulin 


TT C 

IL-o 


JVUnZ et 61/., 170!7 


Vimentin 


Serum 


Kittling et at. , lyov 


MHC Class I Gene H-2Kb 


Interferon 


Dianax et at. , lyoy 


HSP70 


ElA, SV40 Large T 
Antigen 


Taylor a/., 1989, 1990a, 
1990b 


Proliferin 


Phorbol Ester-TPA 


Mordacqera/., 1989 


Tumor Necrosis Factor 


PMA 


Hensel etal., 1989 


Thyroid Stimulating 
Hormone a Gene 


Thyroid Hormone 


Chatterjeeefa/., 1989 



Of particular interest are muscle specific promoters, and more particularly, cardiac 
specific promoters. These include the myosin light chain-2 promoter (Franz etal., 1994; 
Kelly et al., 1995), the alpha actin promoter (Moss et al., 1996), the troponin 1 promoter 

5 (Bhavsar et al., 1996); the NaVCa^^ exchanger promoter (Barnes et al., 1997), the 
dystrophin promoter (Kimura et al, 1997), the creatine kinase promoter (Ritchie, M.E., 
1996), the alpha7 integrin promoter (Ziober & Kramer, 1996), the brain natriuretic 
peptide promoter (LaPointe et al., 1996), the alpha B-crystallin/small heat shock protein 
promoter (Gopal-Srivastava, R., 1995), and alpha myosin heavy chain promoter 

10 (Yamauchi-Takihara etal., 1989) and the ANF promoter (LaPointe etal., 1988). 

Where a cDNA insert is employed, one will typically desire to include a 
polyadenylation signal to effect proper polyadenylation of the gene transcript. The nature 
of the polyadenylation signal is not believed to be crucial to the successful practice of the 
invention, and any such sequence may be employed such as human growth hormone and 
15 SV40 polyadenylation signals. Also contemplated as an element of the expression 
cassette is a terminator. These elements can serve to enhance message levels and to 
minimize read through from the cassette into other sequences. 
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(ii) Selectable Markers 
In certain embodiments of the invention, the cells contain nucleic acid constructs 
of the present invention, a cell may be identified in vitro or in vivo by including a marker 
in the expression construct. Such markers would confer an identifiable change to the cell 
5 permitting easy identification of cells containing the expression construct. Usually the 
inclusion of a drug selection marker aids in cloning and in the selection of transformants, 
for example, genes that confer resistance to neomycin, puromycin, hygromycin, DHFR, 
GPT, zeocin and histidinol are useful selectable markers. Alternatively, enzymes such as 
herpes simplex virus thymidine kinase (tk) or chloramphenicol acetyltransferase (CAT) 
10 may be employed. Immunologic markers also can be employed. The selectable marker 
employed is not believed to be important, so long as it is capable of being expressed 
O simuhaneously with the nucleic acid encoding a gene product. Further examples of 

'=2 selectable markers are well known to one of skill in the art. 

ii' ■ ; 
ijj 

^ 15 (iii) Multigene Constructs and IRES 

5 In certain embodiments of the invention, the use of internal ribosome binding 

sites (IRES) elements are used to create muhigene, or polycistronic, messages. IRES 
S elements are able to bypass the ribosome scanning model of 5' methylated Cap dependent 

^ translation and begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES 

O 20 elements from two members of the picanovirus family (polio and encephalomyocarditis) 
^ have been described (Pelletier and Sonenberg, 1988), as well an IRES fi-om a mammalian 

message (Macejak and Samow, 1991). IRES elements can be linked to heterologous 
open reading fi-ames. Muhiple open reading frames can be transcribed together, each 
separated by an IRES, creating polycistronic messages. By virtue of the IRES element, 
25 each open reading frame is accessible to ribosomes for efficient translation. Multiple 
genes can be efficiently expressed using a single promoter/enhancer to transcribe a single 
message. 

Any heterologous open reading frame can be linked to IRES elements. This 
includes genes for secreted proteins, multi-subunit proteins, encoded by independent 
30 genes, intracellular or membrane-bound proteins and selectable markers. In this way. 
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expression of several proteins can be simultaneously engineered into a cell with a single 
construct and a single selectable marker. 

(iv) Delivery of Expression Vectors 
There are a number of ways in which expression vectors may introduced into 
cells. In certain embodiments of the invention, the expression construct comprises a virus 
or engineered construct derived from a viral genome. The ability of certain viruses to 
enter cells via receptor-mediated endocytosis, to integrate into host cell genome and 
express viral genes stably and efficiently have made them attractive candidates for the 
transfer of foreign genes into mammalian cells (Ridgeway, 1988; Nicolas and 
Rubenstein, 1988; Baichwal and Sugden, 1986; Temin, 1986). The first viruses used as 
gene vectors were DNA viruses including the papovaviruses (simian virus 40, bovine 
papilloma virus, and polyoma) (Ridgeway, 1988; Baichwal and Sugden, 1986) and 
adenoviruses (Ridgeway, 1988; Baichwal and Sugden, 1986). These have a relatively 
low capacity for foreign DNA sequences and have a restricted host spectrum. 
Furthermore, their oncogenic potential and cytopathic effects in permissive cells raise 
safety concerns. They can accommodate only up to 8 kb of foreign genetic material but 
can be readily introduced in a variety of cell lines and laboratory animals (Nicolas and 
Rubenstein, 1988; Temin, 1986). 

One of the preferred methods for in vivo delivery involves the use of an 
adenovirus expression vector. "Adenovirus expression vector" is meant to include those 
constructs containing adenovirus sequences sufficient to (a) support packaging of the 
construct and (b) to express an antisense polynucleotide that has been cloned therein. In 
this context, expression does not require that the gene product be synthesized. 

The expression vector comprises a genetically engineered form of adenovirus. 
Knowledge of the genetic organization of adenovirus, a 36 kb, linear, double-stranded 
DNA virus, allows substitution of large pieces of adenoviral DNA with foreign sequences 
up to 7 kb (Grunhaus and Horwitz, 1992). In contrast to retrovirus, the adenoviral 
infection of host cells does not result in chromosomal integration because adenoviral 
DNA can replicate in an episomal manner without potential genotoxicity. Also, 
adenoviruses are structurally stable, and no genome rearrangement has been detected 

39 

25053203.1 



after extensive amplification. Adenovims can infect virtually all epithelial cells 
regardless of their cell cycle stage. So far, adenoviral infection appears to be linked only 
to mild disease such as acute respiratory disease in humans. 

Adenovirus is particularly suitable for use as a gene transfer vector because of its 
5 mid-sized genome, ease of manipulation, high titer, wide target cell range and high 
infectivity. Both ends of the viral genome contain 100-200 base pair inverted repeats 
(ITRs), which are cis elements necessary for viral DNA replication and packaging. The 
early (E) and late (L) regions of the genome contain different transcription units that are 
divided by the onset of viral DNA replication. The El region (El A and ElB) encodes 
10 proteins responsible for the regulation of transcription of the viral genome and a few 
cellular genes. The expression of the E2 region (E2A and E2B) resuhs in the synthesis of 
□ the proteins for viral DNA replication. These proteins are involved in DNA replication, 

^ late gene expression and host cell shut-off (Renan, 1990). The products of the late genes, 

O including the majority of the viral capsid proteins, are expressed only after significant 

J 15 processing of a single primary transcript issued by the major late promoter (MLP). The 
2 MLP, (located at 16.8 m.u.) is particularly efficient during the late phase of infection, and 

f_ all the mRNA's issued from this promoter possess a 5'-tripartite leader (TPL) sequence 

%J which makes them preferred mRNA's for translation. 

^ In a current system, recombinant adenovirus is generated from homologous 

O 20 recombination between shuttle vector and provirus vector. Due to the possible 
recombination between two proviral vectors, wild-type adenovirus may be generated 
from this process. Therefore, it is critical to isolate a single clone of virus from an 
individual plaque and examine its genomic structure. 

Generation and propagation of the current adenovirus vectors, which are 
25 replication deficient, depend on a unique helper cell line, designated 293, which was 
transformed from human embryonic kidney cells by Ad5 DNA fragments and 
constitutively expresses El proteins (Graham et al, 1977). Since the E3 region is 
dispensable from the adenovirus genome (Jones and Shenk, 1978), the current adenovirus 
vectors, with the help of 293 cells, carry foreign DNA in either the El, the D3 or both 
30 regions (Graham and Prevec, 1991). In nature, adenovirus can package approximately 
105% of the wild-type genome (Ghosh-Choudhury et al, 1987), providing capacity for 
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about 2 extra kb of DNA. Combined with the approximately 5.5 kb of DNA that is 
replaceable in the El and E3 regions, the maximum capacity of the current adenovirus 
vector is under 7.5 kb, or about 15% of the total length of the vector. More than 80% of 
the adenovirus viral genome remains in the vector backbone and is the source of vector- 
borne cytotoxicity. Also, the replication deficiency of the El -deleted virus is incomplete. 
For example, leakage of viral gene expression has been observed with the currently 
available vectors at high multiplicities of infection (MOI) (Mulligan, 1993). 

Helper cell lines may be derived from human cells such as human embryonic 
kidney cells, muscle cells, hematopoietic cells or other human embryonic mesenchymal 
or epithelial cells. Alternatively, the helper cells may be derived from the cells of other 
mammalian species that are permissive for human adenovirus. Such cells include, e.g., 
Vero cells or other monkey embryonic mesenchymal or epithelial cells. As stated above, 
the preferred helper cell line is 293. 

Racher et al. (1995) disclosed improved methods for culturing 293 cells and 
propagating adenovirus. In one format, natural cell aggregates are grown by inoculating 
individual cells into 1 liter siliconized spinner flasks (Techne, Cambridge, UK) 
containing 100-200 ml of medium. Following stirring at 40 rpm, the cell viability is 
estimated with trypan blue. In another format, Fibra-Cel microcarriers (Bibby Sterlin, 
Stone, UK) (5 g/1) is employed as follows. A cell inoculum, resuspended in 5 ml of 
medium, is added to the carrier (50 ml) in a 250 ml Erlenmeyer flask and left stationary, 
with occasional agitation, for 1 to 4 h. The medium is then replaced with 50 ml of fresh 
medium and shaking initiated. For virus production, ceils are allowed to grow to about 
80% confluence, after which time the medium is replaced (to 25% of the final volume) 
and adenovirus added at an MOI of 0.05. Cultures are left stationary overnight, 
following which the volume is increased to 100% and shaking commenced for another 72 
h. 

Other than the requirement that the adenovirus vector be replication defective, or 
at least conditionally defective, the nature of the adenovirus vector is not believed to be 
crucial to the successful practice of the invention. The adenovirus may be of any of the 
42 different known serotypes or subgroups A-F. Adenovirus type 5 of subgroup C is the 
preferred starting material in order to obtain the conditional replication-defective 
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adenovirus vector for use in the present invention. This is because Adenovirus type 5 is a 
human adenovirus about which a great deal of biochemical and genetic information is 
known, and it has historically been used for most constructions employing adenovirus as 
a vector. 

5 As stated above, the typical vector according to the present invention is 

replication defective and will not have an adenovirus El region. Thus, it will be most 
convenient to introduce the polynucleotide encoding the gene of interest at the position 
from which the El -coding sequences have been removed. However, the position of 
insertion of the construct within the adenovirus sequences is not critical to the invention. 
10 The polynucleotide encoding the gene of interest may also be inserted in lieu of the 
deleted E3 region in E3 replacement vectors, as described by Karlsson et al (1986), or in 
the E4 region where a helper cell line or helper virus complements the E4 defect. 

Adenovirus is easy to grow and manipulate and exhibits broad host range in vitro 
and in vivo. This group of viruses can be obtained in high titers, e.g., 10^-10^^ plaque- 
15 forming units per ml, and they are highly infective. The life cycle of adenovirus does not 
require integration into the host cell genome. The foreign genes delivered by adenovirus 
vectors are episomal and, therefore, have low genotoxicity to host cells. No side effects 
have been reported in studies of vaccination with wild-type adenovirus (Couch et al, 
1963; Top et al, 1971), demonstrating their safety and therapeutic potential as in vivo 
20 gene transfer vectors. 

Adenovirus vectors have been used in eukaryotic gene expression (Levrero et al, 
1991; Gomez-Foix et al, 1992) and vaccine development (Grunhaus and Horwitz, 1992; 
Graham and Prevec, 1992). Recently, animal studies suggested that recombinant 
adenovirus could be used for gene therapy (Stratford-Perricaudet and Perricaudet, 1991; 
25 Stratford-Perricaudet et al, 1990, Rich et al, 1993). Studies in administering 
recombinant adenovirus to different tissues include trachea instillation (Rosenfeld et al, 
1991; Rosenfeld et al, 1992), muscle injection (Ragot et al, 1993), peripheral 
intravenous injections (Herz and Gerard, 1993) and stereotactic inoculation into the brain 
(Le Gal La Salle a/., 1993). 
30 The retroviruses are a group of single-stranded RNA viruses characterized by an 

ability to convert their RNA to double-stranded DNA in infected cells by a process of 
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reverse-transcription (Coffin, 1990). The resulting DNA then stably integrates into 
cellular chromosomes as a provirus and directs synthesis of viral proteins. The 
integration resuhs in the retention of the viral gene sequences in the recipient cell and its 
descendants. The retroviral genome contains three genes, gag, pol, and env that code for 
capsid proteins, polymerase enzyme, and envelope components, respectively. A 
sequence found upstream from the gag gene contains a signal for packaging of the 
genome into virions. Two long terminal repeat (LTR) sequences are present at the 5' and 
3' ends of the viral genome. These contain strong promoter and enhancer sequences and 
are also required for integration in the host cell genome (Coffin, 1990). 

In order to construct a retroviral vector, a nucleic acid encoding a gene of interest 
is inserted into the viral genome in the place of certain viral sequences to produce a virus 
that is replication-defective. In order to produce virions, a packaging cell line containing 
the gag, pol, and env genes but without the LTR and packaging components is 
constructed (Mann et al, 1983). When a recombinant plasmid containing a cDNA, 
together with the retroviral LTR and packaging sequences is introduced into this cell line 
(by calcium phosphate precipitation for example), the packaging sequence allows the 
RNA transcript of the recombinant plasmid to be packaged into viral particles, which are 
then secreted into the culture media (Nicolas and Rubenstein, 1988; Temin, 1986; Mann 
et al, 1983). The media containing the recombinant retroviruses is then collected, 
optionally concentrated, and used for gene transfer. Retroviral vectors are able to infect a 
broad variety of cell types. However, integration and stable expression require the 
division of host cells (Paskind et al, 1975). 

A novel approach designed to allow specific targeting of retrovirus vectors was 
recently developed based on the chemical modification of a retrovirus by the chemical 
addition of lactose residues to the viral envelope. This modification could permit the 
specific infection of hepatocytes via sialoglycoprotein receptors. 

A different approach to targeting of recombinant retroviruses was designed in 
which biotinylated antibodies against a retroviral envelope protein and against a specific 
cell receptor were used. The antibodies were coupled via the biotin components by using 
streptavidin (Roux et al, 1989). Using antibodies against major histocompatibility 
complex class I and class II antigens, they demonstrated the infection of a variety of 
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human cells that bore those surface antigens with an ecotropic virus in vitro (Roux et ai, 
1989). 

There are certain limitations to the use of retrovirus vectors in all aspects of the 
present invention. For example, retrovirus vectors usually integrate into random sites in 
the cell genome. This can lead to insertional mutagenesis through the interruption of host 
genes or through the insertion of viral regulatory sequences that can interfere with the 
function of flanking genes (Varmus et ai, 1981). Another concern with the use of 
defective retrovirus vectors is the potential appearance of wild-type replication- 
competent virus in the packaging cells. This can result from recombination events in 
which the intact- sequence from the recombinant virus inserts upstream from the gag, pol, 
env sequence integrated in the host cell genome. However, new packaging cell lines are 
now available that should greatly decrease the likelihood of recombination (Markowitz et 
ai, 1988;Hersdorffere/a/., 1990). 

Other viral vectors may be employed as expression constructs in the present 
invention. Vectors derived from viruses such as vaccinia virus (Ridgeway, 1988; 
Baichwal and Sugden, 1986; Coupar et al, 1988) adeno-associated virus (AAV) 
(Ridgeway, 1988; Baichwal and Sugden, 1986; Hermonat and Muzycska, 1984) and 
herpesviruses may be employed. They offer several attractive features for various 
mammalian cells (Friedmann, 1989; Ridgeway, 1988; Baichwal and Sugden, 1986; 
Coupar et al, 1988; Horwich et al, 1990). 

With the recent recognition of defective hepatitis B viruses, new insight was 
gained into the structure-ftinction relationship of different viral sequences. In vitro 
studies showed that the virus could retain the ability for helper-dependent packaging and 
reverse transcription despite the deletion of up to 80% of its genome (Horwich et al, 
1990). This suggested that large portions of the genome could be replaced with foreign 
genetic material. The hepatotropism and persistence (integration) were particularly 
attractive properties for liver-directed gene transfer. Chang et al, recently introduced the 
chloramphenicol acetyltransferase (CAT) gene into duck hepatitis B virus genome in the 
place of the polymerase, surface, and pre-surface coding sequences. It was co-transfected 
with wild-type virus into an avian hepatoma cell line. Culture media containing high 
titers of the recombinant virus were used to infect primary duckling hepatocytes. Stable 
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CAT gene expression was detected for at least 24 days after transfection (Chang et al, 
1991). 

In order to effect expression of sense or antisense gene constructs, the expression 
construct must be delivered into a cell. This delivery may be accomplished in vitro, as in 
laboratory procedures for transforming cells lines, or in vivo or ex vivo, as in the 
treatment of certain disease states. One mechanism for delivery is via viral infection 
where the expression construct is encapsidated in an infectious viral particle. 

Several non-viral methods for the transfer of expression constructs into cultured 
mammalian cells also are contemplated by the present invention. These include calcium 
phosphate precipitation (Graham and Van Der Eb, 1973; Chen and Okayama, 1987; 
Rippe et al., 1990) DEAE-dextran (Gopal, 1985), electroporation (Tur-Kaspa et al, 
1986; Potter et al, 1984), direct microinjection (Harland and Weintraub, 1985), DNA- 
loaded liposomes (Nicolau and Sene, 1982; Fraley et al, 1979) and lipofectamine-DNA 
complexes, cell sonication (Fechheimer et al, 1987), gene bombardment using high 
velocity microprojectiles (Yang et al, 1990), and receptor-mediated transfection (Wu and 
Wu, 1987; Wu and Wu, 1988). Some of these techniques may be successfully adapted 
for in vivo or ex vivo use. 

Once the expression construct has been delivered into the cell the nucleic acid 
encoding the gene of interest may be positioned and expressed at different sites. In 
certain embodiments, the nucleic acid encoding the gene may be stably integrated into the 
genome of the cell. This integration may be in the cognate location and orientation via 
homologous recombination (gene replacement) or it may be integrated in a random, non- 
specific location (gene augmentation). In yet further embodiments, the nucleic acid may 
be stably maintained in the cell as a separate, episomal segment of DNA. Such nucleic 
acid segments or "episomes" encode sequences sufficient to permit maintenance and 
replication independent of or in synchronization with the host cell cycle. How the 
expression construct is delivered to a cell and where in the cell the nucleic acid remains is 
dependent on the type of expression construct employed. 

In yet another embodiment of the invention, the expression construct may simply 
consist of naked recombinant DNA or plasmids. Transfer of the construct may be 
performed by any of the methods mentioned above which physically or chemically 
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permeabilize the cell membrane. This is particularly applicable for transfer in vitro but it 
may be applied to in vivo use as well. Dubensky et al (1984) successfully injected 
polyomavirus DNA in the form of calcium phosphate precipitates into liver and spleen of 
adult and newborn mice demonstrating active viral replication and acute infection. 

5 Benvenisty and Neshif (1986) also demonstrated that direct intraperitoneal injection of 
calcium phosphate-precipitated plasmids results in expression of the transfected genes. It 
is envisioned that DNA encoding a gene of interest may also be transferred in a similar 
manner in vivo and express the gene product. 

In still another embodiment of the invention for transferring a naked DNA 

10 expression construct into cells may involve particle bombardment. This method depends 
on the ability to accelerate DNA-coated microprojectiles to a high velocity allowing them 
to pierce cell membranes and enter cells without killing them (Klein et al, 1987). 
Several devices for accelerating small particles have been developed. One such device 
relies on a high voltage discharge to generate an electrical current, which in turn provides 

15 the motive force (Yang et al, 1990). The microprojectiles used have consisted of 
biologically inert substances such as tungsten or gold beads. 

Selected organs including the liver, skin, and muscle tissue of rats and mice have 
been bombarded in vivo (Yang et al, 1990; Zelenin et al, 1991). This may require 
surgical exposure of the tissue or cells, to eliminate any intervening tissue between the 

20 gun and the target organ, i.e., ex vivo treatment. Again, DNA encoding a particular gene 
may be delivered via this method and still be incorporated by the present invention. 

In a further embodiment of the invention, the expression construct may be 
entrapped in a liposome. Liposomes are vesicular structures characterized by a 
phospholipid bilayer membrane and an inner aqueous medium. Multilamellar liposomes 

25 have multiple lipid layers separated by aqueous medium. They form spontaneously when 
phospholipids are suspended in an excess of aqueous solution. The lipid components 
undergo self-rearrangement before the formation of closed structures and entrap water 
and dissolved solutes between the lipid bilayers (Ghosh and Bachhawat, 1991). Also 
contemplated are lipofectamine-DNA complexes. 

30 Liposome-mediated nucleic acid delivery and expression of foreign DNA in vitro 

has been very successful. Wong et al, (1980) demonstrated the feasibility of liposome- 
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mediated delivery and expression of foreign DNA in cultured chick embryo, HeLa and 
hepatoma cells. Nicolau et aL, (1987) accomplished successful liposome-mediated gene 
transfer in rats after intravenous injection. 

In certain embodiments of the invention, the liposome may be complexed with a 
5 hemagglutinating virus (HVJ). This has been shown to facilitate fusion with the cell 
membrane and promote cell entry of liposome-encapsulated DNA (Kaneda et al, 1989). 
In other embodiments, the liposome may be complexed or employed in conjunction with 
nuclear non-histone chromosomal proteins (HMG-1) (Kato et aL, 1991). In yet further 
embodiments, the liposome may be complexed or employed in conjunction with both 
10 HVJ and HMG-1. In that such expression constructs have been successfully employed in 
transfer and expression of nucleic acid in vitro and in vivo, then they are applicable for 
the present invention. Where a bacterial promoter is employed in the DNA construct, it 
also will be desirable to include within the liposome an appropriate bacterial polymerase. 
Other expression constructs which can be employed to deliver a nucleic acid 
15 encoding a particular gene into cells are receptor-mediated delivery vehicles. These take 
advantage of the selective uptake of macromolecules by receptor-mediated endocytosis in 
almost all eukaryotic cells. Because of the cell type-specific distribution of various 
receptors, the delivery can be highly specific (Wu and Wu, 1993). 

Receptor-mediated gene targeting vehicles generally consist of two components: 
20 a cell receptor-specific ligand and a DNA-binding agent. Several ligands have been used 
for receptor-mediated gene transfer. The most extensively characterized ligands are 
asialoorosomucoid (ASOR) (Wu and Wu, 1987) and transferrin (Wagner et aL, 1990). 
Recently, a synthetic neoglycoprotein, which recognizes the same receptor as ASOR, has 
been used as a gene delivery vehicle (Ferkol et aL, 1993; Perales et aL, 1994) and 
25 epidermal growth factor (EGF) has also been used to deliver genes to squamous 
carcinoma cells (Myers, EPO 0273085). 

In other embodiments, the delivery vehicle may comprise a ligand and a 
liposome. For example, Nicolau et aL, (1987) employed lactosyl-ceramide, a galactose- 
terminal asialganglioside, incorporated into liposomes and observed an increase in the 
30 uptake of the insulin gene by hepatocytes. Thus, it is feasible that a nucleic acid 
encoding a particular gene also may be specifically delivered into a cell type by any 
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number of receptor-ligand systems with or without Hposomes. For example, epidermal 
growth factor (EGF) may be used as the receptor for mediated delivery of a nucleic acid 
into cells that exhibit upregulation of EGF receptor. Mannose can be used to target the 
mannose receptor on liver cells. Also, antibodies to CDS (CLL), CD22 (lymphoma), 
CD25 (T-cell leukemia) and MAA (melanoma) can similarly be used as targeting 
moieties. 

In certain embodiments, gene transfer may more easily be performed under ex 
vivo conditions. Ex vivo gene therapy refers to the isolation of cells from an animal, the 
delivery of a nucleic acid into the cells in vitro, and then the return of the modified cells 
back into an animal. This may involve the surgical removal of tissue/organs from an 
animal or the primary culture of cells and tissues. 

IV. Generating Antibodies Reactive With MURFs 

In another aspect, the present invention contemplates an antibody that is 
immunoreactive with a MURF molecule of the present invention, or any portion thereof 
An antibody can be a polyclonal or a monoclonal antibody. In a preferred embodiment, 
an antibody is a monoclonal antibody. Means for preparing and characterizing antibodies 
are well known in the art (see, e.g., Harlow and Lane, 1988). 

Briefly, a polyclonal antibody is prepared by immunizing an animal with an 
immunogen comprising a polypeptide of the present invention and collecting antisera 
from that immunized animal. A wide range of animal species can be used for the 
production of antisera. Typically an animal used for production of anti-antisera is a non- 
human animal including rabbits, mice, rats, hamsters, pigs or horses. Because of the 
relatively large blood volume of rabbits, a rabbit is a preferred choice for production of 
polyclonal antibodies. 

Antibodies, both polyclonal and monoclonal, specific for isoforms of antigen may 
be prepared using conventional immunization techniques, as will be generally known to 
those of skill in the art. A composition containing antigenic epitopes of the compounds 
of the present invention can be used to immunize one or more experimental animals, such 
as a rabbit or mouse, which will then proceed to produce specific antibodies against the 
compounds of the present invention. Polyclonal antisera may be obtained, after allowing 

48 

25053203.1 



time for antibody generation, simply by bleeding the animal and preparing serum samples 
from the whole blood. 

It is proposed that the monoclonal antibodies of the present invention will find 
useful application in standard immunochemical procedures, such as ELISA and Western 
5 blot methods and in immunohistochemical procedures such as tissue staining, as well as 
in other procedures which may utilize antibodies specific to MURF-related antigen 
epitopes. Additionally, it is proposed that monoclonal antibodies specific to the 
particular MURF of different species may be utilized in other useful applications 

In general, both polyclonal and monoclonal antibodies against MURFs may be 
10 used in a variety of embodiments. For example, they may be employed in antibody 
cloning protocols to obtain cDNAs or genes encoding other MURFs. They may also be 
used in inhibition studies to analyze the effects of MURFs related peptides in cells or 
3 animals. MURF antibodies will also be useful in immunolocalization studies to analyze 

M the distribution of MURFs during various cellular events, for example, to determine the 

^ 1 5 cellular or tissue-specific distribution of MURF polypeptides under different points in the 
5 cell cycle. A particularly useful application of such antibodies is in purifying native or 

® recombinant MURFs, for example, using an antibody affinity column. The operation of 

O all such immunological techniques will be known to those of skill in the art in light of the 

U present disclosure. 

y 20 Means for preparing and characterizing antibodies are well known in the art (see, 

H= e.g., Harlow and Lane, 1988; incorporated herein by reference). More specific examples 

of monoclonal antibody preparation are given in the examples below. 

As is well known in the art, a given composition may vary in its immunogenicity. 
It is often necessary therefore to boost the host immune system, as may be achieved by 
25 coupling a peptide or polypeptide immunogen to a carrier. Exemplary and preferred 
carriers are keyhole limpet hemocyanin (KLH) and bovine serum albumin (BSA). Other 
albumins such as ovalbumin, mouse serum albumin or rabbit serum albumin can also be 
used as carriers. Means for conjugating a polypeptide to a carrier protein are well known 
in the art and include glutaraldehyde, /w-maleimidobencoyl-N-hydroxysuccinimide ester, 
30 carbodiimide and bis-biazotized benzidine. 
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As also is well known in the art, the immunogenicity of a particular immunogen 
composition can be enhanced by the use of non-specific stimulators of the immune 
response, known as adjuvants. Exemplary and preferred adjuvants include complete 
Freund's adjuvant (a non-specific stimulator of the immune response containing killed 
5 Mycobacterium tuberculosis), incomplete Freund's adjuvants and aluminum hydroxide 
adjuvant. 

The amount of immunogen composition used in the production of polyclonal 
antibodies varies upon the nature of the immunogen as well as the animal used for 
immunization. A variety of routes can be used to administer the immunogen 
10 (subcutaneous, intramuscular, intradermal, intravenous and intraperitoneal). The 
production of polyclonal antibodies may be monitored by sampling blood of the 
_ immunized animal at various points following immunization. A second, booster, 

3 injection may also be given. The process of boosting and titering is repeated until a 

S suitable titer is achieved. When a desired level of immunogenicity is obtained, the 

I 15 immunized animal can be bled and the serum isolated and stored, and/or the animal can 

be used to generate mAbs. 

MAbs may be readily prepared through use of well-known techniques, such as 
R those exemplified in U.S. Patent 4,196,265, incorporated herein by reference. Typically, 

II this technique involves immunizing a suitable animal with a selected immunogen 
S 20 composition, e.g., a purified or partially purified MURF protein, polypeptide or peptide 
1=^ or cell expressing high levels of MURF. The immunizing composition is administered in 

a manner effective to stimulate antibody producing cells. Rodents such as mice and rats 
are preferred animals, however, the use of rabbit, sheep frog cells is also possible. The 
use of rats may provide certain advantages (Coding, 1986), but mice are preferred, with 

25 the BALB/c mouse being most preferred as this is most routinely used and generally 
gives a higher percentage of stable fusions. 

Following immunization, somatic cells with the potential for producing 
antibodies, specifically B-lymphocytes (B-cells), are selected for use in the mAb 
generating protocol. These cells may be obtained from biopsied spleens, tonsils or lymph 

30 nodes, or from a peripheral blood sample. Spleen cells and peripheral blood cells are 
preferred, the former because they are a rich source of antibody-producing cells that are 
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in the dividing plasmablast stage, and the latter because peripheral blood is easily 
accessible. Often, a panel of animals will have been immunized and the spleen of animal 
with the highest antibody titer will be removed and the spleen lymphocytes obtained by 
homogenizing the spleen with a syringe. Typically, a spleen from an immunized mouse 
5 contains approximately 5 x lO' to 2 x 10^ lymphocytes. 

The antibody-producing B lymphocytes from the immunized animal are then 
fiised with cells of an immortal myeloma cell, generally one of the same species as the 
animal that was immunized. Myeloma cell lines suited for use in hybridoma-producing 
fusion procedures preferably are non-antibody-producing, have high fusion efficiency, 
10 and enzyme deficiencies that render then incapable of growing in certain selective media 
which support the growth of only the desired fused cells (hybridomas). 

Any one of a number of myeloma cells may be used, as are known to those of 
skill in the art (Coding, 1986; Campbell, 1984). For example, where the immunized 
animal is a mouse, one may use P3-X63/Ag8, P3-X63-Ag8.653, NSl/l.Ag 4 1, 
15 Sp210-Agl4, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0 Bui; for rats, 
I one may use R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, 

LICR-L0N-HMy2 and UC729-6 are all useful in connection with cell fusions. 

Methods for generating hybrids of antibody-producing spleen or lymph node cells 
and myeloma cells usually comprise mixing somatic cells with myeloma cells in a 2:1 
20 ratio, though the ratio may vary from about 20:1 to about 1:1, respectively, in the 
presence of an agent or agents (chemical or electrical) that promote the fusion of cell 
membranes. Fusion methods using Sendai virus have been described (Kohler and 
Milstein, 1975; 1976), and those using polyethylene glycol (PEG), such as 37% (v/v) 
PEG, by Gefter et al, (1977). The use of electrically induced fusion methods is also 
25 appropriate (Goding, 1986). 

Fusion procedures usually produce viable hybrids at low frequencies, around 
1 x 10"^ to 1 X 10'^ However, this does not pose a problem, as the viable, fused hybrids 
are differentiated from the parental, unfused cells (particularly the unfused myeloma cells 
that would normally continue to divide indefinitely) by culturing in a selective medium. 
30 The selective medium is generally one that contains an agent that blocks the de novo 
synthesis of nucleotides in the tissue culture media. Exemplary and preferred agents are 
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aminopterin, methotrexate, and azaserine. Aminopterin and methotrexate block de novo 
synthesis of both purines and pyrimidines, whereas azaserine blocks only purine 
synthesis. Where aminopterin or methotrexate is used, the media is supplemented with 
hypoxanthine and thymidine as a source of nucleotides (HAT medium). Where azaserine 
is used, the media is supplemented with hypoxanthine. 

The preferred selection medium is HAT. Only cells capable of operating 
nucleotide salvage pathways are able to survive in HAT medium. The myeloma cells are 
defective in key enzymes of the salvage pathway, e.g., hypoxanthine phosphoribosyl 
transferase (HPRT), and they cannot survive. The B-cells can operate this pathway, but 
they have a limited life span in culture and generally die within about two weeks. 
Therefore, the only cells that can survive in the selective media are those hybrids formed 
from myeloma and B-cells. 

This culturing provides a population of hybridomas from which specific 
hybridomas are selected. Typically, selection of hybridomas is performed by culturing 
the cells by single-clone dilution in microtiter plates, followed by testing the individual 
clonal supernatants (after about two to three weeks) for the desired reactivity. The assay 
should be sensitive, simple and rapid, such as radioimmunoassays, enzyme 
immunoassays, cytotoxicity assays, plaque assays, dot immunobinding assays, and the 
like. 

The selected hybridomas would then be serially diluted and cloned into individual 
antibody-producing cell lines, which clones can then be propagated indefinitely to 
provide mAbs. The cell lines may be exploited for mAb production in two basic ways. 
A sample of the hybridoma can be injected (often into the peritoneal cavity) into a 
histocompatible animal of the type that was used to provide the somatic and myeloma 
cells for the original fusion. The injected animal develops tumors secreting the specific 
monoclonal antibody produced by the fused cell hybrid. The body fluids of the animal, 
such as serum or ascites fluid, can then be tapped to provide mAbs in high concentration. 
The individual cell lines could also be cultured in vitro, where the mAbs are naturally 
secreted into the cuhure medium from which they can be readily obtained in high 
concentrations. mAbs produced by either means may be ftirther purified, if desired, using 
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filtration, centrifligation and various chromatographic methods such as HPLC or affinity 
chromatography. 

V. Diagnosing and Treating Defects in MURFs 

5 The inventors have shown MURFs play an important role in the stabilization of 

microtubules. In addition, in diseased heart tissue, MURF activity is reduced, implicating 
that MURFs, possibly through microtubule stabilization, play in important role in normal 
cardiac function. Thus, in another embodiment, there are provided methods for 
diagnosing defects in MURF expression and function. More specifically, point 
10 mutations, deletions, insertions or regulatory pertubations relating to MURFs may be 
assessed using standard technologies, as described belov^. 

A . Genetic Diagnosis 

One embodiment of the instant invention comprises a method for detecting 
15 variation in the expression of MURF-1, MURF-2 or MURF-3. This may comprises 
determining that level of MURF-1, MURF-2 or MURF-3 or determining specific 
alterations in the expressed product. 

A suitable biological sample can be any tissue or fluid. Various embodiments 
include cells of the skin, muscle, facia, brain, prostate, breast, endometrium, lung, head & 
20 neck, pancreas, small intestine, blood cells, liver, testes, ovaries, colon, skin, stomach, 
esophagus, spleen, lymph node, bone marrov^ or kidney. Other embodiments include 
fluid samples such as peripheral blood, lymph fluid, ascites, serous fluid, pleural effusion, 
sputum, cerebrospinal fluid, lacrimal fluid, stool or urine. 

Nucleic acid used is isolated from cells contained in the biological sample, 
25 according to standard methodologies (Sambrook et al^ 1989). The nucleic acid may be 
genomic DNA or fractionated or whole cell RNA. Where RNA is used, it may be desired 
to convert the RNA to a complementary DNA. In one embodiment, the RNA is whole 
cell RNA; in another, it is poly-A RNA. Normally, the nucleic acid is amplified. 

Depending on the format, the specific nucleic acid of interest is identified in the 
30 sample directly using amplification or with a second, known nucleic acid following 
amplification. Next, the identified product is detected. In certain applications, the 
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deteaion may be performed by visual means {e.g., ethidium bromide staining of a gel). 
Alternatively, the detection may involve indirect identification of the product via 
chemiluminescence, radioactive scintigraphy of radiolabel or fluorescent label or even 
via a system using electrical or thermal impulse signals (Affymax Technology; Bellus, 
5 1994). 

Various types of defects may be identified by the present methods. Thus, 
"alterations" should be read as including deletions, insertions, point mutations and 
duplications. Point mutations resuh in stop codons, frameshift mutations or amino acid 
substitutions. Somatic mutations are those occurring in non-germline tissues. Germ-line 
10 tissue can occur in any tissue and are inherited. Mutations in and outside the coding 
region also may affect the amount of MURF produced, both by altering the transcription 
of the gene or in destabilizing or otherwise ahering the processing of either the transcript 
(mRNA) or protein. 

It is contemplated that other mutations in the MURF genes may be identified in 
15 accordance with the present inevntion. A variety of different assays are contemplated in 
this regard, including but not limited to, fluorescent in situ hybridization (FISH), direct 
DNA sequencing, PFGE analysis. Southern or Northern blotting, single-stranded 
conformation analysis (SSCA), RNAse protection assay, allele-specific oligonucleotide 
(ASO), dot blot analysis, denaturing gradient gel electrophoresis, RFLP and PCR™- 
20 SSCP. 

(i) Primers and Probes 
The term primer, as defined herein, is meant to encompass any nucleic acid that is 
capable of priming the synthesis of a nascent nucleic acid in a template-dependent 
25 process. Typically, primers are oligonucleotides from ten to twenty base pairs in length, 
but longer sequences can be employed. Primers may be provided in double-stranded or 
single-stranded form, ahhough the single- stranded form is preferred. Probes are defined 
differently, although they may act as primers. Probes, while perhaps capable of priming, 
are designed to binding to the target DNA or RNA and need not be used in an 
30 amplification process. 
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In preferred embodiments, the probes or primers are labeled with radioactive 
species (^^P, '''C, ^^S, ^H, or other label), with a fluorophore (rhodamine, fluorescein) or a 
chemillumiscent (luciferase). 

(ii) Template Dependent Amplification Methods 
A number of template dependent processes are available to amplify the marker 
sequences present in a given template sample. One of the best known amplification 
methods is the polymerase chain reaction (referred to as PGR™) which is described in 
detail in U.S. Patents 4,683,195, 4,683,202 and 4,800,159, and in Innis et al, 1990, each 
of which is incorporated herein by reference in its entirety. 

Briefly, in PGR™, two primer sequences are prepared that are complementary to 
regions on opposite complementary strands of the marker sequence. An excess of 
deoxynucleoside triphosphates are added to a reaction mixture along with a DNA 
polymerase, e.g., Taq polymerase. If the marker sequence is present in a sample, the 
primers will bind to the marker and the polymerase will cause the primers to be extended 
along the marker sequence by adding on nucleotides. By raising and lowering the 
temperature of the reaction mixture, the extended primers will dissociate from the marker 
to form reaction products, excess primers will bind to the marker and to the reaction 
products and the process is repeated. 

A reverse transcriptase PGR™ amplification procedure may be performed in order 
to quantify the amount of mRNA amplified. Methods of reverse transcribing RNA into 
cDNA are well known and described in Sambrook et al., 1989. Alternative methods for 
reverse transcription utilize thermostable, RNA-dependent DNA polymerases. These 
methods are described in WO 90/07641 filed December 21, 1990. Polymerase chain 
reaction methodologies are well known in the art. 

Another method for amplification is the ligase chain reaction ("LGR"), disclosed 
in EPO No. 320 308, incorporated herein by reference in its entirety. In LGR, two 
complementary probe pairs are prepared, and in the presence of the target sequence, each 
pair will bind to opposite complementary strands of the target such that they abut. In the 
presence of a ligase, the two probe pairs will link to form a single unit. By temperature 
cycling, as in PGR™, bound ligated units dissociate from the target and then serve as 
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"target sequences" for ligation of excess probe pairs. U.S. Patent 4,883,750 describes a 
method similar to LCR for binding probe pairs to a target sequence. 

Methods based on ligation of two (or more) oligonucleotides in the presence of 
nucleic acid having the sequence of the resulting "di-oligonucleotide", thereby amplifying 
5 the di-oligonucleotide, may also be used in the amplification step of the present 
invention. Wu et al, (1989), incorporated herein by reference in its entirety. 



(iii) Southern/Northern Blotting 
Blotting techniques are well known to those of skill in the art. Southern blotting 
10 involves the use of DNA as a target, whereas Northern blotting involves the use of RNA 
as a target. Each provide different types of information, although cDNA blotting is 
_ analogous, in many aspects, to blotting or RNA species. 

3 Briefly, a probe is used to target a DNA or RNA species that has been 

S immobilized on a suitable matrix, often a filter of nitrocellulose. The different species 

5 15 should be spatially separated to facilitate analysis. This often is accomplished by gel 

m electrophoresis of nucleic acid species followed by "blotting" on to the filter. 

^ Subsequently, the blotted target is incubated with a probe (usually labeled) under 

Q conditions that promote denaturation and rehybridization. Because the probe is designed 

J to base pair with the target, the probe will binding a portion of the target sequence under 

20 renaturing conditions. Unbound probe is then removed, and detection is accomplished as 
H described above. 



(iv) Separation Methods 
It normally is desirable, at one stage or another, to separate the amplification 
25 product from the template and the excess primer for the purpose of determining whether 
specific amplification has occurred. In one embodiment, amplification products are 
separated by agarose, agarose-acrylamide or polyacrylamide gel electrophoresis using 
standard methods. See Sambrook et al, 1989. 

Alternatively, chromatographic techniques may be employed to effect separation. 
30 There are many kinds of chromatography which may be used in the present invention: 
adsorption, partition, ion-exchange and molecular sieve, and many specialized techniques 
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for using them including column, paper, thin-layer and gas chromatography (Freifelder, 
1982). 

(v) Detection Methods 

Products may be visualized in order to confirm amplification of the marker 
sequences. One typical visualization method involves staining of a gel with ethidium 
bromide and visualization under UV light. Alternatively, if the amplification products 
are integrally labeled with radio- or fluorometrically-labeled nucleotides, the 
amplification products can then be exposed to x-ray film or visualized under the 
appropriate stimulating spectra, following separation. 

In one embodiment, visualization is achieved indirectly. Following separation of 
amplification products, a labeled nucleic acid probe is brought into contact with the 
amplified marker sequence. The probe preferably is conjugated to a chromophore but 
may be radiolabeled. In another embodiment, the probe is conjugated to a binding 
partner, such as an antibody or biotin, and the other member of the binding pair carries a 
detectable moiety. 

In one embodiment, detection is by a labeled probe. The techniques involved are 
well known to those of skill in the art and can be found in many standard books on 
molecular protocols. See Sambrook et al, 1989. For example, chromophore or 
radiolabel probes or primers identify the target during or following amplification. 

One example of the foregoing is described in U.S. Patent 5,279,721, incorporated 
by reference herein, which discloses an apparatus and method for the automated 
electrophoresis and transfer of nucleic acids. The apparatus permits electrophoresis and 
blotting without external manipulation of the gel and is ideally suited to carrying out 
methods according to the present invention. 

In addition, the amplification products described above may be subjected to 
sequence analysis to identify specific kinds of variations using standard sequence 
analysis techniques. Within certain methods, exhaustive analysis of genes is carried out 
by sequence analysis using primer sets designed for optimal sequencing (Pignon et 
al, 1994). The present invention provides methods by which any or all of these types of 
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analyses may be used. Using the sequences disclosed herein, oligonucleotide primers 
may be designed to permit the amplification of sequences throughout the MURF genes 
that may then be analyzed by direct sequencing. 

(vi) Kit Components 
All the essential materials and reagents required for detecting and sequencing 
MURF-1, MURF-2 and MURF-3 and variants thereof may be assembled together in a 
kit. This generally will comprise preselected primers and probes. Also included may be 
enzymes suitable for amplifying nucleic acids including various polymerases (RT, Taq, 
Sequenase"^^ etc.), deoxynucleotides and buffers to provide the necessary reaction 
mixture for amplification. Such kits also generally will comprise, in suitable means, 
distinct containers for each individual reagent and enzyme as well as for each primer or 
probe. 

B. Immunologic Diagnosis 

Antibodies of the present invention can be used in characterizing the MURF 
content of healthy and diseased tissues, through techniques such as ELISAs and Western 
blotting. This may provide a screen for the presence or absence of cardiomyopathy or as 
a predictor of heart disease. 

The use of antibodies of the present invention, in an ELISA assay is 
contemplated. For example, anti-MURF antibodies are immobilized onto a selected 
surface, preferably a surface exhibiting a protein aflFmity such as the wells of a 
polystyrene microtiter plate. After washing to remove incompletely adsorbed material, it 
is desirable to bind or coat the assay plate wells with a non-specific protein that is known 
to be antigenically neutral with regard to the test antisera such as bovine serum albumin 
(BSA), casein or solutions of powdered milk. This allows for blocking of non-specific 
adsorption sites on the immobilizing surface and thus reduces the background caused by 
non-specific binding of antigen onto the surface. 

After binding of antibody to the well, coating with a non-reactive material to 
reduce background, and washing to remove unbound material, the immobilizing surface 
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is contacted with the sample to be tested in a manner conducive to immune complex 
(antigen/antibody) formation. 

Following formation of specific immunocomplexes between the test sample and 
the bound antibody, and subsequent washing, the occurrence and even amount of 

5 immunocomplex formation may be determined by subjecting same to a second antibody 
having specificity for MURF-1, MURF-2 or MimF-3 that differs the first antibody. 
Appropriate conditions preferably include diluting the sample with diluents such as BSA, 
bovine gamma globulin (BGG) and phosphate buffered saline (PBS)/Tween®. These 
added agents also tend to assist in the reduction of nonspecific background. The layered 

10 antisera is then allowed to incubate for from about 2 to about 4 hr, at temperatures 
preferably on the order of about 25° to about 27°C. Following incubation, the antisera- 
contacted surface is washed so as to remove non-immunocomplexed material. A 
preferred washing procedure includes washing with a solution such as PBS/Tween , or 
borate buffer. 

15 To provide a detecting means, the second antibody will preferably have an 

associated enzyme that will generate a color development upon incubating with an 
appropriate chromogenic substrate. Thus, for example, one will desire to contact and 
incubate the second antibody-bound surface with a urease or peroxidase-conjugated anti- 
human IgG for a period of time and under conditions which favor the development of 
20 immunocomplex formation (e.g., incubation for 2 hr at room temperature in a PBS- 
containing solution such as PBS/Tween®). 

After incubation with the second enzyme-tagged antibody, and subsequent to 
washing to remove unbound material, the amount of label is quantified by incubation 
with a chromogenic substrate such as urea and bromocresol purple or 2,2'-azino-di-(3- 
25 ethyl-benzthiazoline)-6-suifonic acid (ABTS) and H2O2, in the case of peroxidase as the 
enzyme label. Quantitation is then achieved by measuring the degree of color generation, 
e.g., using a visible spectrum spectrophotometer. 

The preceding format may be altered by first binding the sample to the assay 
plate. Then, primary antibody is incubated with the assay plate, followed by detecting of 
30 bound primary antibody using a labeled second antibody with specificity for the primary 
antibody. 
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The antibody compositions of the present invention will find great use in 
immunoblot or Western blot analysis. The antibodies may be used as high-affinity 
primary reagents for the identification of proteins immobilized onto a solid support 
matrix, such as nitrocellulose, nylon or combinations thereof In conjunction with 

5 immunoprecipitation, followed by gel electrophoresis, these may be used as a single step 
reagent for use in detecting antigens against which secondary reagents used in the 
detection of the antigen cause an adverse background. Immunologically-based detection 
methods for use in conjunction with Western blotting include enzymatically-, radiolabel-, 
or fluorescently-tagged secondary antibodies against the toxin moiety are considered to 

10 be of particular use in this regard. 

C. Treating Defects in MURF Expression or Function 
The present invention also involves, in another embodiment, the treatment of 
disease states related to the aberrant expression and/or function of MURFs. In particular, 
15 it is envisioned that reduced MURF activity plays a role in microtubule destabilization 
and cardiac failure. Thus, increasing levels of MURFs, or compensating for mutations 
that reduce or eliminate the activity of MURFs, are believed to provide therapeutic 
intervention in cardiomyopathies. 

In addition, by increasing levels of MURFs, it is possible that defects in other 
20 cardiac genes may be compensated for. As discussed above, MURFs bind to and 
stabilize microtubules. Thus, increasing the expression of MURFs can stabilize the 
cytoskeleton of failing heart. Similarly, in situations where increase heart muscle mass is 
desired, inhibiting MURF expression could stimulate proliferation. 

25 D, Genetic Based Therapies 

One of the therapeutic embodiments contemplated by the present inventors is the 

intervention, at the molecular level, in the events involved in cardiac failure. 

Specifically, the present inventors intend to provide, to a cardiac cell, an expression 

construct capable of providing MURF-1, MURF-2 or MURF-3 to that cell. Because the 
30 sequence homology between the human, mouse and Drosophila genes, any of these 

nucleic acids could be used in human therapy, as could any of the gene sequence variants 
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discussed above which would encode the same, or a biologically equivalent polypeptide. 
The lengthy discussion of expression vectors and the genetic elements employed therein 
is incorporated into this section by reference. Particularly preferred expression vectors 
are viral vectors such as adenovirus, adeno-associated virus, herpesvirus, vaccinia virus 
and retrovirus. Also preferred is liposomally-encapsulated expression vector. 

Those of skill in the art are well aware of how to apply gene delivery to in vivo 
situations. For viral vectors, one generally will prepare a viral vector stock. Depending 
on the kind of virus and the titer attainable, one will deliver 1 X lO", 1 X 10^ 1 X 10^ 1 
X 10^ 1 X 10^ 1 X 10^ 1 X 10'°, 1 X lO" or 1 X lO'^ infectious particles to the patient. 
Similar figures may be extrapolated for liposomal or other non-viral formulations by 
comparing relative uptake efficiencies. Formulation as a pharmaceutically acceptable 
composition is discussed below. Various routes are contemplated, but local provision to 
the heart and systemic provision (intraarterial or intravenous) are preferred. 

E. Combined Therapy 

In many clinical situations, it is advisable to use a combination of distinct 
therapies. Thus, it is envisioned that, in addition to the therapies described above, one 
would also wish to provide to the patient more "standard" pharmaceutical cardiac 
therapies. Examples of standard therapies include so-called "beta blockers", anti- 
hypertensives, cardiotonics, anti-thrombotics, vasodilators, hormone antagonists, 
endothelin antagonists, cytokine inhibitors/blockers, calcium channel blockers, 
phosphodiesterase inhibitors and angiotensin type 2 antagonists. Also envisioned are 
combinations with pharmaceuticals identified according to the screening methods 
described herein. 

Combinations may be achieved by contacting cardiac cells with a single composition 
or pharmacological formulation that includes both agents, or by contacting the cell with two 
distinct compositions or formulations, at the same time, wherein one composition includes 
the expression construct and the other includes the agent. Alternatively, gene therapy may 
precede or follow the other agent treatment by intervals ranging from minutes to weeks. In 
embodiments where the other agent and expression construct are applied separately to the 
cell, one would generally ensure that a significant period of time did not expire between the 
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time of each delivery, such that the agent and expression construct would still be able to 
exert an advantageously combined effect on the cell. In such instances, it is contemplated 
that one would contact the cell with both modalities within about 12-24 hours of each other 
and, more preferably, within about 6-12 hours of each other, with a delay time of only about 

5 12 hours being most preferred. In some situations, it may be desirable to extend the time 
period for treatment significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several 
weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective administrations. 

It also is conceivable that more than one administration of either a MURF-1, 
MURF-2 or MLrRF-3 gene, or the other agent will be desired. Various combinations may 

10 be employed, where MURF is "A" and the other agent is "B", as exemplified below: 

A/B/A B/AB B/B/A A/A/B B/A/A mfB B/B/B/A B/B/A/B 
A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A 

15 

A/A/A/B B/A/A/A A/B/A/A A/A/B/A A/BfBfB B/A/B/B B/B/A/B 
Other combinations are contemplated as well. 

20 F. Formulations and Routes for Administration to Patients 

Where clinical applications are contemplated, it will be necessary to prepare 
pharmaceutical compositions - expression vectors, virus stocks and drugs - in a form 
appropriate for the intended application. Generally, this will entail preparing 
compositions that are essentially free of pyrogens, as well as other impurities that could 

25 be harmful to humans or animals. 

One will generally desire to employ appropriate salts and buffers to render 
delivery vectors stable and allow for uptake by target cells. Buffers also will be 
employed when recombinant cells are introduced into a patient. Aqueous compositions 
of the present invention comprise an effective amount of the vector to cells, dissolved or 

30 dispersed in a pharmaceutically acceptable carrier or aqueous medium. Such 
compositions also are referred to as inocula. The phrase "pharmaceutically or 
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pharmacologically acceptable" refer to molecular entities and compositions that do not 
produce adverse, allergic, or other untoward reactions when administered to an animal or 
a human. As used herein, "pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 

5 absorption delaying agents and the like. The use of such media and agents for 
pharmaceutically active substances is well know in the art. Except insofar as any 
conventional media or agent is incompatible with the vectors or cells of the present 
invention, its use in therapeutic compositions is contemplated. Supplementary active 
ingredients also can be incorporated into the compositions. 

10 The active compositions of the present invention may include classic 

pharmaceutical preparations. Administration of these compositions according to the 
present invention will be via any common route so long as the target tissue is available 
via that route. This includes oral, nasal, buccal, rectal, vaginal or topical. Alternatively, 
administration may be by orthotopic, intradermal, subcutaneous, intramuscular, 

15 intraperitoneal or intravenous injection. Such compositions would normally be 
administered as pharmaceutically acceptable compositions, described supra. 

The active compounds may also be administered parenterally or intraperitoneally. 
Solutions of the active compounds as free base or pharmacologically acceptable salts can 
be prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. 

20 Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures 
thereof and in oils. Under ordinary conditions of storage and use, these preparations 
contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile 

25 injectable solutions or dispersions. In all cases the form must be sterile and must be fluid 
to the extent that easy syringability exists. It must be stable under the conditions of 
manufacture and storage and must be preserved against the contaminating action of 
microorganisms, such as bacteria and fimgi. The carrier can be a solvent or dispersion 
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene 

30 glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof, and 
vegetable oils. The proper fluidity can be maintained, for example, by the use of a 
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coating, such as lecithin, by the maintenance of the required particle size in the case of 
dispersion and by the use of surfactants. The prevention of the action of microorganisms 
can be brought about by various antibacterial an antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be 
5 preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged 
absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate and 
gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in 

10 the required amount in the appropriate solvent with various of the other ingredients 
enumerated above, as required, followed by filtered sterilization. Generally, dispersions 
are prepared by incorporating the various sterilized active ingredients into a sterile 
vehicle which contains the basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile powders for the preparation of sterile 

15 injectable solutions, the preferred methods of preparation are vacuum-drying and freeze- 
drying techniques which yield a powder of the active ingredient plus any additional 
desired ingredient from a previously sterile-filtered solution thereof 

As used herein, "pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 

20 absorption delaying agents and the like. The use of such media and agents for 
pharmaceutical active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active ingredient, its use in the 
therapeutic compositions is contemplated. Supplementary active ingredients can also be 
incorporated into the compositions. 

25 For oral administration the polypeptides of the present invention may be 

incorporated with excipients and used in the form of non-ingestible mouthwashes and 
dentifrices. A mouthwash may be prepared incorporating the active ingredient in the 
required amount in an appropriate solvent, such as a sodium borate solution (Dobell's 
Solution). Alternatively, the active ingredient may be incorporated into an antiseptic 
30 wash containing sodium borate, glycerin and potassium bicarbonate. The active 
ingredient may also be dispersed in dentifrices, including: gels, pastes, powders and 
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slurries. The active ingredient may be added in a therapeutically effective amount to a 
paste dentifrice that may include water, binders, abrasives, flavoring agents, foaming 

agents, and humectants. 

The compositions of the present invention may be formulated in a neutral or salt 
form. Pharmaceutically-acceptable salts include the acid addition salts (formed with the 
free amino groups of the protein) and which are formed with inorganic acids such as, for 
example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, 
tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can also be 
derived from inorganic bases such as, for example, sodium, potassium, ammonium, 
calcium, or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine, 
histidine, procaine and the like. 

Upon formulation, solutions will be administered in a manner compatible with the 
dosage formulation and in such amount as is therapeutically effective. The formulations 
are easily administered in a variety of dosage forms such as injectable solutions, drug 
release capsules and the like. For parenteral administration in an aqueous solution, for 
example, the solution should be suitably buffered if necessary and the liquid diluent first 
rendered isotonic with sufficient saline or glucose. These particular aqueous solutions 
are especially suitable for intravenous, intramuscular, subcutaneous and intraperitoneal 
administration. In this connection, sterile aqueous media which can be employed will be 
known to those of skill in the art in light of the present disclosure. For example, one 
dosage could be dissolved in 1 ml of isotonic NaCl solution and either added to 1000 ml 
of hypodermoclysis fluid or injected at the proposed site of infusion, (see for example, 
"Remington's Pharmaceutical Sciences" 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage will necessarily occur depending on the condition of the subject 
being treated. The person responsible for administration will, in any event, determine the 
appropriate dose for the individual subject. Moreover, for human administration, 
preparations should meet sterility, pyrogenicity, general safety and purity standards as 
required by FDA Office of Biologies standards. 
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VI. Methods of Making Transgenic Mice 

A particular embodiment of the present invention provides transgenic animals that 
contain MURF-related constructs. Transgenic animals expressing MURF-1 and MURF- 
2, recombinant cell lines derived from such animals, and transgenic embryos may be 
useful in methods for screening for and identifying agents that modulate the function of 
MURF-1 or MURF-2, and thereby alleviate pathology related to the over or under 
expression of these molecules. The use of constitutively expressed MURFs provides a 
model for over- or unregulated expression. Also, transgenic animals which are "knocked 
out" for MURF-1 and/or MURF-2 will find use in analysis of developmental aspects of 
MURFs. 

A. Methods of Producing Transgenics 

In a general aspect, a transgenic animal is produced by the integration of a given 
transgene into the genome in a manner that permits the expression of the transgene. 
Methods for producing transgenic animals are generally described by Wagner and Hoppe 
(U.S. Patent No. 4,873,191; which is incorporated herein by reference), Brinster et al. 
1985; which is incorporated herein by reference in its entirety) and in "Manipulating the 
Mouse Embryo; A Laboratory Manual" 2nd edition (eds., Hogan, Beddington, 
Costantimi and Long, Cold Spring Harbor Laboratory Press, 1994; which is incorporated 
herein by reference in its entirety). 

Typically, a gene flanked by genomic sequences is transferred by microinjection 
into a fertilized egg. The microinjected eggs are implanted into a host female, and the 
progeny are screened for the expression of the transgene. Transgenic animals may be 
produced from the fertilized eggs from a number of animals including, but not limited to 
reptiles, amphibians, birds, mammals, and fish. 

DNA clones for microinjection can be prepared by any means known in the art. 
For example, DNA clones for microinjection can be cleaved with enzymes appropriate 
for removing the bacterial plasmid sequences, and the DNA fragments electrophoresed 
on 1% agarose gels in THE buffer, using standard techniques. The DNA bands are 
visualized by staining with ethidium bromide, and the band containing the expression 
sequences is excised. The excised band is then placed in dialysis bags containing 0.3 M 

66 

25053203.1 



sodium acetate, pH 7.0. DNA is electroeluted into the dialysis bags, extracted with a 1:1 
phenolxhloroform solution and precipitated by two volumes of ethanol. The DNA is 
redissolved in 1 ml of low sah buffer (0.2 M NaCl, 20 mM Tris,pH 7.4, and 1 mM 
EDTA) and purified on an Elutip-D™ column. The column is first primed with 3 ml of 
high salt buffer (1 M NaCl, 20 mM Tris, pH 7.4, and 1 mM EDTA) followed by washing 
with 5 ml of low salt buffer. The DNA solutions are passed through the column three 
times to bind DNA to the column matrix. After one wash with 3 ml of low salt buffer, 
the DNA is eluted with 0.4 ml high salt buffer and precipitated by two volumes of 
ethanol. DNA concentrations are measured by absorption at 260 nm in a UV 
spectrophotometer. For microinjection, DNA concentrations are adjusted to 3 \ig/m\ in 5 
mM Tris, pH 7.4 and 0. 1 mM EDTA. 

Other methods for purification of DNA for microinjection are described in Hogan 
et al. Manipulating the Mouse Embryo (Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY, 1986), in Palmiter et al. Nature 300:611 (1982); in The Qiagenologist, 
Application Protocols, 3rd edition, published by Qiagen, Inc., Chatsworth, CA.; and in 
Sambrook et al Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, 1989). 

In an exemplary microinjection procedure, female mice six weeks of age are 
induced to superovulate with a 5 lU injection (0.1 cc, ip) of pregnant mare serum 
gonadotropin (PMSG; Sigma) followed 48 hours later by a 5 lU injection (0.1 cc, ip) of 
human chorionic gonadotropin (hCG, Sigma). Females are placed with males 
immediately after hCG injection. Twenty-one hours after hCG injection, the mated 
females are sacrificed by CO2 asphyxiation or cervical dislocation and embryos are 
recovered from excised oviducts and placed in Dulbecco's phosphate buffered saline with 
0.5% bovine serum albumin (BSA, Sigma). Surrounding cumulus cells are removed with 
hyaluronidase (1 mg/ml). Pronuclear embryos are then washed and placed in Earle's 
balanced salt solution containing 0.5 % BSA (EBSS) in a 37.5°C incubator with a 
humidified atmosphere at 5% CO2, 95% air until the time of injection. Embryos can be 
implanted at the two-cell stage. 

Randomly cycling adult female mice are paired with vasectomized males. 
C57BL/6 or Swiss mice or other comparable strains can be used for this purpose. 
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Recipient females are mated at the same time as donor females. At the time of embryo 
transfer, the recipient females are anesthetized with an intraperitoneal injection of 
0.015 ml of 2.5 % avertin per gram of body weight. The oviducts are exposed by a single 
midline dorsal incision. An incision is then made through the body wall directly over the 
oviduct. The ovarian bursa is then torn with watchmakers forceps. Embryos to be 
transferred are placed in DPBS (Dulbecco's phosphate buffered saline) and in the tip of a 
transfer pipet (about 10 to 12 embryos). The pipet tip is inserted into the infundibulum 
and the embryos transferred. After the transfer, the incision is closed by two sutures. 

B. Disease Models 

Microtubule depolymerization is also required for mitosis. Thus, the ability of 
MURF to prevent microtubule depolymerization is particularly intriguing in that striated 
muscle cells are irreversibly postmitotic. In this regard, MURF-transfected cells are 
unable to divide. Thus, it is contemplated that MURF trangenics can be useful to 
explore pathologies related to microtubule depolymerization and cell division. In 
addition, it may be possible to screen MURF transfected cells for compounds (peptides, 
combinatorial chemical libraries) with the potential to stimulate DNA synthesis. Such 
compounds would have utility in promoting cardiomyocyte proliferation and thereby 
benefit cardiac regeneration in response to damage. 

Microtubules have been shown to play important roles in regulating muscle cell 
morphology, sarcomere assembly, and function. In skeletal muscle cells, the microtubule 
network is reorganized to form stable microtubules during differentiation (Gunderson et 
al, 1989). Integrity of the microtubular array is essential for proper alignment of 
myoblasts during fusion and for correct formation of myofibrils (Antin et al, 1981; 
Toyamae/a/., 1982). 

Consistent with the conclusion that MURF is an integral component of the 
mechanism that regulates microtubule stability in muscle cells, both skeletal and cardiac 
muscle have been demonstrated to possess a population of microtubules that is stable to 
depolymerization and cold shock (Webster, 1997). Moreover, expression of MURF 
mirrors the accumulation of stable glutamic acid-modified tubulin during the formation 
of skeletal muscle in vitro. A muscle-specific isoform of MAP4 also is expressed upon 
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differentiation in a pattern very similar to that of MURF (Mangan and Olmsted, 1996). 
However, inhibition of MAP4 expression during differentiation does not block myotube 
formation but causes the accumulation of multinucleated myotubes with a rounded 
morphology. 

5 Microtubule stabilization and increased microtubule density also have been 

proposed as a mechanism for contractile dysfunction in cardiac hypertrophy (Sato et al, 
1997). There is evidence that stabilization of the microtubule array in hypertrophic 
cardiomyocytes is mediated by a microtubule-associated protein, that is as yet 
unidentified (Sato et al, 1997). MAP4 expression has been demonstrated to be induced 
1 0 during pressure overload-induced hypertrophy in cats (Sato et al. , 1 997), MAP4 has been 
demonstrated to stabilize microtubules in vitro making it a plausable candidate for such a 
factor (Kaech et al, 1996; Nguyen et al, 1997). Interestingly, inhibiting expression of 
■3 MAP4 in fibroblastst does not adversely affect microtubule dynamics, suggesting a 

£ specialized role for MAP4 in a muscle environment or functional redundancy between 

i 15 members of the MAP family (Wang et al, 1996). The striated muscle restricted 
ffl expression pattern and the microtubule stabilizing effects of MURF make it an interesting 

^ candidate for a factor contributing to the contractile dysfunction in cardiac hypertrophy. 



Vn. Screening Assays 

20 Several human diseases have been linked to mutations in genes encoding 

microtubule binding proteins, demonstrating the importance of the microtubule network 
for normal patterning and development. For example, Midi, Doublecortin, Lisl, and 
Tau, all microtubule-associated factors capable of stabilizing microtubules, have been 
implicated in the progression of disease (Gleeson et al, 1999; Kosik, 1990; Koulakoflf 

25 al, 1999; Lo Nigro et al, 1997; Quaderi et al, 1997; Tolnay and Probst, 1999). Mutant 
mice lacking the microtubule-binding proteins KiOA and KiOB of the kinesin 
superfamily, have also been shown to display situs inversus of the heart and other organs 
(Marszalek et al, 1999; Takeda et al, 1999). A similar phenotype is observed in mice 
harboring a deleted ATP binding domain of left-right dynein (Supp et al, 1999). 

30 Thus, the present invention also contemplates the screening of compounds for 

various abilities to interact and/or affect MURF-1, MURF-2 and MURF-3 expression or 
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function. Particularly preferred compounds will be those useful in inhibiting or 
promoting the actions of MURF-1, MURF-2 and MURP-3 on microtubules (e.g., tubulin) 
cardiac hypertrophy and preventing or reversing heart disease. In the screening assays of 
the present invention, the candidate substance may first be screened for basic biochemical 
activity -- e.g., binding to a target molecule -- and then tested for its ability to inhibit 
modulate expression, at the cellular, tissue or whole animal level. 

A. Modulators and Assay Formats 

i) Assay Formats 
The present invention provides methods of screening for modulators of MURF-1, 
MURF-2 and MURF-3 expression and binding to microtubules. In one embodiment, the 
present invention is directed to a method of 

(i) providing a MURF- 1 , MURF-2 or MURF-3 polypeptide; 

(ii) contacting the MURF-1, MURF-2 or MURF-3 polypeptide with the 
candidate substance; and 

(iii) determining the binding of the candidate substance to the MURF-1, 
MURF-2 or MURF-3 polypeptide. 

In another embodiment, this assay can be easily modified to look at the candidate 
substances effects on MURF-1, MURF-2 and/or MURF-3 binding to microtubules, 
intermediate filaments or homo- or heterodimerization. 

In yet another embodiment, the assay looks not at binding, but at MURF function. 
Such methods would comprise, for example: 

providing a cell that expresses MURF-1, MURF-2 or MURF-3 
polypeptide; 

contacting the cell with the candidate substance; and 
determining the effect of the candidate substance on glutamic acid 
modification of microtubules. 
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(i) 

(ii) 
(iii) 




In still yet other embodiments, one would look at the effect of a candidate 
substance on the expression of MURFs. This can be done by examining mRNA 
expression, although alterations in mRNA stability and translation would not be 
accounted for. A more direct way of assessing expression is by directly examining 
5 protein levels, for example, through Western blot or ELISA. 



ii) Inhibitors and Activators 
An inhibitor according to the present invention may be one which exerts an 
inhibitory effect on the expression of function of MURF-1, MURF-2 and/or MURF-3. 
10 By the same token, an activator according to the present invention may be one which 
exerts a stimulatory effect on the expression of function of MURF-1, MURF-2 and/or 
MURF-3 

™ iii) Candidate Substances 

ffl 15 As used herein, the term "candidate substance" refers to any molecule that may 

5 potentially modulate MURF-1, MURF-2 and/or MURF-3 expression or function. The 

^ candidate substance may be a protein or fragment thereof, a small molecule inhibitor, or 

Q even a nucleic acid molecule. It may prove to be the case that the most useful 

u pharmacological compounds will be compounds that are structurally related to 

^ 20 compounds which interact naturally with MURF-1, MURF-2 and/or MURF-3. Creating 
M= and examining the action of such molecules is known as "rational drug design," and 

include making predictions relating to the structure of target molecules. 

The goal of rational drug design is to produce structural analogs of biologically 

active polypeptides or target compounds. By creating such analogs, it is possible to 
25 fashion drugs which are more active or stable than the natural molecules, which have 

different susceptibility to alteration or which may affect the function of various other 

molecules. In one approach, one would generate a three-dimensional structure for a 

molecule like a MURF, and then design a molecule for its abilityt to interact with MURF. 

Alternatively, one could design a partially fixnctional fragment of a MURF (binding but 
30 no activity), thereby creating a competitive inhibitor. This could be accomplished by x- 

ray crystallography, computer modeling or by a combination of both approaches. 
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It also is possible to use antibodies to ascertain the structure of a target compound 
or inhibitor. In principle, this approach yields a pharmacore upon which subsequent drug 
design can be based. It is possible to bypass protein crystallography altogether by 
generating anti-idiotypic antibodies to a functional, pharmacologically active antibody. 
5 As a mirror image of a mirror image, the binding site of anti-idiotype would be expected 
to be an analog of the original antigen. The anti-idiotype could then be used to identify 
and isolate peptides from banks of chemically- or biologically-produced peptides. 
Selected peptides would then serve as the pharmacore. Anti-idiotypes may be generated 
using the methods described herein for producing antibodies, using an antibody as the 
10 antigen. 

On the other hand, one may simply acquire, from various commercial sources, 
small molecule libraries that are believed to meet the basic criteria for usefiil drugs in an 
effort to "brute force" the identification of useful compounds. Screening of such 
libraries, including combinatorially generated libraries (e.g,, peptide libraries), is a rapid 
15 and eflficient way to screen large number of related (and unrelated) compounds for 
activity. Combinatorial approaches also lend themselves to rapid evolution of potential 
drugs by the creation of second, third and fourth generation compounds modeled of 
active, but otherwise undesirable compounds. 

Candidate compounds may include fragments or parts of naturally-occurring 
2 20 compounds or may be found as active combinations of known compounds which are 
C otherwise inactive. It is proposed that compounds isolated from natural sources, such as 

animals, bacteria, fungi, plant sources, including leaves and bark, and marine samples 
may be assayed as candidates for the presence of potentially useful pharmaceutical 
agents. It will be understood that the pharmaceutical agents to be screened could also be 
25 derived or synthesized from chemical compositions or man-made compounds. Thus, it is 
understood that the candidate substance identified by the present invention may be 
polypeptide, polynucleotide, small molecule inhibitors or any other compounds that may 
be designed through rational drug design starting from known inhibitors of hypertrophic 
response. 

30 Other suitable inhibitors include antisense molecules, ribozymes, and antibodies 

(including single chain antibodies). 



72 



25053203.1 



It will, of course, be understood that all the screening methods of the present 
invention are useful in themselves notwithstanding the fact that effective candidates may 
not be found. The invention provides methods for screening for such candidates, not 
solely methods of finding them. 

5 

B. In vitro Assays 

A quick, inexpensive and easy assay to run is a binding assay. Binding of a 
molecule to a target may, in and of itself, be inhibitory, due to steric, allosteric or charge- 
charge interactions. This can be performed in solution or on a solid phase and can be 
1 0 utilized as a first round screen to rapidly eliminate certain compounds before moving into 
more sophisticated screening assays. In one embodiment of this kind, the screening of 
_ compounds that bind to a MURF-1, MURF-2 or MURF-3 molecule or fi-agment thereof 

is provided. 

The target may be either free in solution, fixed to a support, expressed in or on the 
? 15 surface of a cell. Either the target or the compound may be labeled, thereby permitting 
5 determining of binding. In another embodiment, the assay may measure the inhibition of 

binding of a target to a natural or artificial substrate or binding partner (such as a MURF). 
O Competitive binding assays can be performed in which one of the agents (MURF for 

U example) is labeled. Usually, the target will be the labeled species, decreasing the chance 

5 20 that the labeling will interfere with the binding moiety's function. One may measure the 
1^ amount of fi-ee label versus bound label to determine binding or inhibition of binding. 

A technique for high throughput screening of compounds is described in WO 
84/03564. Large numbers of small peptide test compounds are synthesized on a solid 
substrate, such as plastic pins or some other surface. The peptide test compounds are 
25 reacted with, for example, a MURF and washed. Bound- polypeptide is detected by 
various methods. 

Purified target, such as a MURF, can be coated directly onto plates for use in the 
aforementioned drug screening techniques. However, non-neutralizing antibodies to the 
polypeptide can be used to immobilize the polypeptide to a solid phase. Also, fusion 
30 proteins containing a reactive region (preferably a terminal region) may be used to link an 
active region (e.g., the C-terminus of a MURF) to a solid phase. 
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C. In cyto Assays 

Various cell lines that express MURF-1, MURF-2 and or MURF-2 can be utilized 
for screening of candidate substances. For example, cells containing a MURF with an 
5 engineered indicators can be used to study various functional attributes of candidate 
compounds. In such assays, the compound would be formulated appropriately, given its 
biochemical nature, and contacted with a target cell. 

Depending on the assay, culture may be required. As discussed above, the cell 
may then be examined by virtue of a number of different physiologic assays (growth, 
10 size, Ca"""^ effects). Alternatively, molecular analysis may be performed in which the 
function of a MURF and related pathways may be explored. This involves assays such as 
those for protein expression, enzyme function, substrate utilization, mRNA expression 
5 (including differential display of whole cell or polyA RNA) and others. 

^15 D. /« VIVO Assays 

% The present invention particularly contemplates the use of various animal models. 

Transgenic animals may be created with constructs that permit MURF expression and 
O activity to be controlled and monitored. The generation of these animals has been 

1^ described elsewhere in this document. 

W 20 Treatment of these animals with test compounds will involve the administration 

S of the compound, in an appropriate form, to the animal. Administration will be by any 

route the could be utilized for clinical or non-clinical purposes, including but not limited 
to oral, nasal, buccal, or even topical. Alternatively, administration may be by 
intratracheal instillation, bronchial instillation, intradermal, subcutaneous, intramuscular, 
25 intraperitoneal or intravenous injection. Specifically contemplated are systemic 
intravenous injection, regional administration via blood or lymph supply. 



E. Production of Inhibitors 

In an extension of any of the previously described screening assays, the present 
30 invention also provide for method of producing inhibitors. The methods comprising any 
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of the preceding screening steps followed by an additional step of "producing the 
candidate substance identified as a modulator of the screened activity. 

VIIL EXAMPLES 

5 The following examples are included to demonstrate preferred embodiments of 

the invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in light of the 

10 present disclosure, appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention. 



15 



Example 1: Material and Methods 



Yeast two hvbrid screen . Yeast two-hybrid screens of an adult mouse heart 
cDNA library were performed using full-length serum response factor (SRF) fused to the 
GAL4 DNA binding domain, as described previously (Spencer et ai, 1999). Plasmids 
were isolated and transformed into electrocompetent XLl-Blue E.coli. Plasmids were 

20 prepared by alkaline lysis extraction and sequenced. Sequence analysis and comparison 
was performed using the NCBI web site Blast program. 

Mammalian expression plasmid construction . Full-length MURF-1 expression 
plasmids and C-terminal deletion mutants were constructed by PGR using Expand High 
Fidelity polymerase (Roche) and cloned in-frame into vector pcDNA3.1 myc/HIS 

25 (Invitrogen) or pECE-Flag. N-terminal deletion mutants were constructed by PGR, 
generating an initiator methionine at desired positions and cloned into the Sacll and 
Hindlll sites of full-length MURF-1 in vector pcDNAS.l myc/HIS. The &cll site is 
immediately downstream of the Kozak translation initiation sequence contained in the 
MURF-1 cDNA. The Flag-tagged versions of MURF were subcloned into pcDNA3.1 for 

30 use in in vitro analyses. 
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Radioactive in situ hybridization . RNA probes corresponding to the sense and 
antisense strands of the MURF-1 cDNA were prepared using T7 RNA polymerase 
(Roche). In situ hybridization was performed as previously described (Benjamin et al, 
1997). 

5 Cell culture, transfection, alkaloid treatment, and immunofluorescence . Cos-1, 

Hela, lOTl/2, 293, 3T3 and 293T cells were maintained in DMEM supplemented with 
10% heat-inactivated fetal bovine serum (FBS). C2 cells were maintained in DMEM 
containing 20% heat-inactivated FBS. Cells were transfected with 1 |ig of various 
MURF-1 expression plasmids using Fugene6 reagent as recommended by the 

10 manufacturer (Roche). 293T cells were transfected using the calcium phosphate 
coprecipitation technique (Spencer and Misra, 1996). Cells were treated for 2 hours with 
2 \xM nocodazole (Sigma) or 2 ^M cytochalasin D (Sigma) as indicated. 

For immunofluorescence, cells were extracted with 1% Triton X-100 in PBS for 1 
minute, washed twice in PBS, and fixed for 15 minutes in 3.7% formalin in PBS. Cells 

15 were then washed three times in PBS and blocked in PBS containing 3% Bovine Serum 
Albumin and 0.1% NP40 for 30 minutes. All antibodies were incubated in fresh block 
solution for 60 minutes at ambient temperature. Myc-tagged versions of MURF-1 were 
detected using antibody 9E10 (Santa Cruz) at a dilution of 1:250. Flag-tagged versions of 
MURF-1 were detected using the M2 Flag antibody at a dilution of 1:500 (Kodak). 

20 Microtubules were detected using alpha-tubulin antibody at a dilution of 1 :2000 (Sigma). 
Intermediate filaments were visualized using vimentin antibody at a dilution of 1:500 
(Sigma). Actin was visualized using Rhodamine-conjugated phalloidin (Sigma). 
Secondary antibodies were purchased from Vector labs and used at a dilution of 1:400 in 
fresh block solution. C2 cells were treated as described above except the polyclonal 

25 antibody UT82, raised against MURF- 1 , was used at a dilution of 1 : 500. 

In vitro transcription/translation and imm unoprecioitation. In vitro 
transcription/translation was performed as directed by the manufacturer (Promega). 
Plasmids used were C-terminally myc-tagged frill-length MURF-1 and various Flag- 

35 

tagged deletions of MURF-1. Immunoprecipitations were performed using S- 
30 methionine-labelled in vitro translation products. Briefly, ^^S-methionine-labelled 
products were incubated with agitation in 1 ml of immunoprecipitation buffer (PBS, 0.5% 
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Triton X-100, 0.25 mM zinc sulphate) at 4°C for 2 hours. 2.5 ^1 of the Flag-antibody M2 
was added and incubated an additional 60 minutes. 40 ^1 of protein A/G-plus beads 
(Santa Cruz) were added and incubated 30 minutes. Reactions were centrifiiged at 2500 
rpm for 5 minutes at 4°C. Pellets were washed with rocking for 5 minutes in 1 ml of 
5 immunoprecipitation buffer. Washing was repeated 4 times before resuspension of the 
pellet in 20 ^ll of SDS-sample buffer. Approximately 10 ^1 was used in SDS-PAGE 
analysis. Gels were dried under vacuum and results were visualized by autoradiography. 

Northern blot analysis. RNA isolation and RT-PCR . Northern blot analysis was 
performed using a multiple tissue Northern blot from Clontech and ^^P-labeled probe 
10 made from the MURF-1 full-length cDNA. Hybridization was performed for 1 h using 
rapid-hybe buffer (Amersham). C2 cells were induced to differentiate by the addition of 
=, DMEM supplemented with 2% horse serum. Cells were incubated for various lengths of 

I time and total RNA isolated by TriZol extraction (GIBCO). RT-PCR was perfomed as 

O described in (Rawls etal.,l 998). 

5 15 UT 82 Antibody production . An Ncol-Hindlll fragment spanning the coding 

5 region for amino acids 271-366 of MURF-1 was fiised in-frame into vector pGEX2T- 

r polyG. BL21-DE3 cells containing the GST-fiision expression plasmid were grown to an 

5 optical density of 0.5 and induced with 1 mM IPTG for 3 h at 30°C. Cells were pelleted 

N= and washed in ice cold PBS. Lysis was induced by sonication and protein was purified by 

0 20 GST-affmity chromatography using standard techniques. Rabbit immunization was 
^ conducted at Cocalico Biological. 

Western blot . Whole cell extracts from mouse tissues and C2 cells were prepared 
as described previously (Spencer et al, 1999). Approximately 25 ^ig of total protein was 
used in the analysis. MURF UT82 was used at a dilution of 1 :4000, anti-Glu-tubulin was 
25 used at a dilution of 1:2000, and anti-tubulin was used at a dilution of 1:10,000. Mouse 
and rabbit HRP-conjugated secondary antibodies were used at a dilution of 1:5000. 
Chemiluminescence was detected using Luminol Reagent (Santa Cruz). 

Microtubule sedimentation assays . For endogenous MURF-microtubule 
cosedimentation experiments, two-month old female mice were euthanized by standard 
30 protocols, hearts and quadriceps (100 mg each tissue) were removed, and placed in ice 
cold PBS containing protease inhibitors (Roche) for 20 minutes. Tissue was finely 
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minced and placed in 1 ml of PCM buffer (0.1 M Pipes, pH 6.9, 2.5 mM CaCl2, 1 mM 
MgS04, pH 6.9) plus protease inhibitors. This was promptly homogenized in a ground 
glass Bounce homogenizer with 25-30 strokes on ice. Nuclei and debris were removed 
by low speed centrifugation (3000 rpm) for 5 minutes at 4°C. The supernatant was 
centrifuged at 100,000 x g for 30 minutes at 4°C to remove cytoplasmic contaminants. 
The resulting supernatant was used in the microtubule sedimentation analysis. The 
supernatant was supplemented with 2 mM GTP and 5 mM EGTA and incubated at 37°C 
for 20 minutes. This was layered onto a 25% sucrose cushion in PEM buffer (0.1 M 
Pipes, 1 mM EGTA, 1 mM MgS04) plus 1 mM GTP and centrifuged at 20,000Xg for 30 
minutes at room temperature. The supernatant was removed and acetone precipitated. 
The pellet was resuspended in PEM buffer minus GTP and supplemented to 2 mM CaCb. 
This was placed on ice for 30 min. The second polymerization was induced by adding 
EGTA and GTP to 5 mM and 1 mM, respectively, and incubation at 37°C. 
Polymerization-depolymerization was repeated 3 times to avoid cytoplasmic 
contamination. The final polymerization was induced as described above and 
supplemented with 20 ^iM taxol (Sigma). The resulting microtubule pellet was 
resuspended in 50 ^il of PEM. Approximately 25 \ig of protein was used for western 
analysis. For microtubule sedimentation assays using transfected cells, cells were 
harvested and treated as described in (Kaufman etal., 1999). 

Example 2: Results 

Isolation of MURF-1 cDNA . In a two-hybrid screen for cardiac factors that 
interact with serum response factor (SRF), the inventors identified a cDNA encoding a 
novel muscle-specific RING-finger protein, which the inventors named MURF-1 (Muscle 
RING Finger). Subsequent attempts to demonstrate interaction between SRF and 
MURF-1, or colocalization of the proteins in mammalian cells, were unsuccessful. Thus, 
the inventors do not believe this interaction is biologically significant, but it may reflect 
an ability of SRF to interact with other RING-finger proteins, as several such proteins 
have been shown to regulate transcription (Hsieh et al., 1999). Nevertheless, because of 
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its interesting structure and expression pattern (see FIG. 2), the inventors continued to 

characterize MURF-1 . 

The MURF-1 cDNA encodes a 366 amino acid protein with a predicted molecular 
weight of 41 kDa and pi of 4.82 (FIG. lA, Accession number). MURF-1 contains 
several domains that identify it as a RBCC-type of RING-fmger protein. A RING-fmger 
of the C3HC4 type is located near the amino-terminus (amino acids 26-81), followed by 
another type ofzinc-fmger termed a B-box (amino acids 126-158) (FIG. IB). In all other 
RBBC proteins, the spacing between the RING-fmger and B-box is also about 40 amino 
acids (Borden, 1998; Saurin et al., 1996). A predicted leucine-rich coiled-coil domain 
(amino acids 212-253) and an acidic region (amino acids 335-366) are located in the C- 
terminal portion of the protein. 

Database searches with the amino acid sequence of MURF-1 revealed highest 
homology to the Opitz-G/BBB syndrome protein Midi and the related factor Mid2 (FIG. 
IC and FIG. ID) with greatest homology in the RING-fmger and B-box domains. 
Interestingly, MURF-1 does not contain the first B-box of Midi and Mid2 nor the 
butyrophilin-like domain at the C-termini of Mid2 and Mid2, suggesting functional 
differences between the proteins. 

MURF-1 expression is restricted to striated muscle . The expression pattern of 
MURF-1 was examined during mouse embryogenesis by in situ hybridization. At E8.5, 
MURF-1 expression was observed only in the developing cardiac region and at E10.5 
expression was restricted exclusively to the heart and the myotome of the somites which 
gives rise to skeletal muscle. This muscle-specific expression continued throughout 
prenatal development, with expression observed in the heart and skeletal muscle of the 
intercostals, diaphragm, limbs, face, and head (see FIG. 2A). 

In adult mice. Northern analysis showed a single MURF-1 transcript of about 1.5 
kB in cardiac and skeletal muscle (FIG. 2B). Extended exposures (greater than 6 days) 
revealed a very low level of expression in the lung and brain. Consistent with the 
restricted expression of MURF-1 mRNA, Western blot analysis of protein fi-om mouse 
heart, quadriceps, spleen and lung, using anti-MURF antibody, detected MURF-1 protein 
only in heart and skeletal muscle (FIG. 2C). The size of the protein, 41 kDa, was in 
agreement with the size predicted from the open reading frame. 
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The inventors also examined expression of MURF-1 during differentiation of the 
C2 skeletal muscle cell line. As shown in FIG. 2D, MURF-1 transcripts, measured by 
semi-quantitative RT-PCR, were upregulated during myoblast differentiation, in parallel 
with MyoD and myogenin. Interestingly, MURF-1 expression was observed prior to the 
5 expression of the muscle structural gene skeletal a-actin, suggesting an early role for 
MURF-1 in myogenesis. This is consistent with expression observed in the myotome 
(see FIG. 2A). 

Endo genous MIJRF-1 cosediments with microtubules from striated muscle. 
Given the amino acid homology between Midi and MURF-1 and the ability of Midi to 
10 interact with microtubules (Cainarca et al, 1999; Schweiger et al, 1999), the inventors 
investigated whether MURF-1 was also a microtubule-binding protein. To determine if 
_ MURF-1 associates with microtubules, microtubule sedimentation assays were 

'J performed using soluble extracts prepared from mouse skeletal muscle and heart. As seen 

% in FIG. 3, MURF-1 was contained in the microtubule pellet from these muscle extracts 

W 15 and was absent from the supernatant, demonstrating a physical association between 
ffi MURF-1 and microtubules in vivo. No contaminating actin filaments or intermediate 

^ filaments were detected in the microtubules pellets under these experimental conditions. 

O Interestingly, a small amount of MURF-1 was also contained in the initial high speed 

pellet before microtubule polymerization, suggesting its association with structures in 
2 20 addition to microtubules or with cold-stable microtubules that sediment in the initial high 
N- speed centrifugation. 

Association of MURF-1 with microtubules is mediate d bv the leucine-rich coiled- 
coil domain . To identify the domain of MURF-1 required for microtubule association, a 
series of MURF-1 deletion mutants with myc-tags at their C-termini was constructed and 
25 analyzed by immunofluorescence in Hela cells. As seen in FIG. 4A, MURF-1 was 
incorporated into an undulating reticular network in the cytoplasm, reminiscent of the 
subcellular distribution of Midi and Mid2 (Buchner et al., 1999; Cainarca et al, 1999; 
Schweiger et al, 1999). This network was extremely stable, remaining intact even after 
extraction with 1% Triton X-100. The resistance to extraction in high detergent 
30 concentrations suggested that MURF-1 associated with a cytoskeletal component. 
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To determine if MURF-l colocalized with the cytoskeleton, 
coimmunofluorescence was performed using antibodies specific to actin, vimentin 
(intermediate filaments) and tubulin. Microtubules showed the strongest colocalization 
with MURF-l (FIG. 4B and C), in agreement with the results of in vivo microtubule 

5 cosedimentation (see FIG. 3). There was no overlap of MURF-l localization with actin 
and only partial overlap with intermediate filaments at regions where microtubules and 
intermediate filaments were in close proximity. Similar localization of MURF-l to 
microtubules was observed in skeletal muscle cells (FIG. 3B). 

As shown in FIG. 4D and E, deletion of the 16 amino terminal residues of 

10 MURF-l (mutant N16) did not disrupt colocalization with microtubules. However, the 
smooth tubular structures formed with fiill-length MURF-l were distorted to a thicker 
and angular structure (FIG. 4D and E). The significance of this redistribution is unclear. 
Deletion of amino acids 1-81 (mutant N81), removing the RING-finger domain, also did 
not abolish microtubule association, but prevented filament formation along microtubules 

15 (FIG. 4D and F and see below). Truncation of MURF-l to amino acid 167 (mutant 
N167), deleting the B-box domain, resulted in similar microtubule association without 
filament formation (FIG. 4D), indicating that the B-box is not involved in microtubule- 
binding. Deletion of amino acids 1-212 (mutant N212), leaving only the leucine-rich 
coiled-coil domain and acidic C-terminus, again prevented filament formation without 

20 affecting microtubule binding (FIG. 4D). Instead, as observed with mutants N81 and 
N167, particulate structures were formed that colocalized with microtubules. Deletion of 
the C-terminal acidic region (mutant C31) did not affect the association of MURF-l with 
microtubules nor filament formation (FIG. 4D and G). Truncation of the acidic and 
coiled-coil region of MURF (mutant C199), leaving only the RING-finger and B-box 

25 domains, produced aggregates that did not colocalize with microtubules (FIG. 4D). 
Deletion analyses were performed in Cos, lOTl/2, 293 and 3T3 cells with identical 
results. Taken together, these data demonstrate that the leucine-rich coiled-coil region of 
MURF-l is sufficient for colocalization with microtubules, whereas the RING-finger is 
required for filament formation along microtubules. 

30 The leucine-rich coiled-coil domain interacts with microtubules . Given that 

MURF-l cosediments with microtubules and the leucine-rich coiled-coil domain is 
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required for colocalization of MURF-1 with microtubules, the inventors determined if 
this domain also mediates cosedimentation with microtubules. 293T fibroblasts were 
transfected with plasmids expressing wild-type and deletion mutants of MURF-1, 
simultaneously treated with nocodazole for 24 hours to prevent microtubule association, 
and soluble extracts prepared. It was necessary to treat cells with nocodazole during 
transfection due to MURF-1 's ability to stabilize microtubules. In experiments not 
employing simultaneous treatment/transfection, full-length MURF-1, and deletion 
mutants lacking the N-terminal 16 amino acids (N16) and MURF-1 lacking the C- 
terminal 31 amino acids (C31), all shown to form filaments along microtubules, were 
consistently contained exclusively in the initial high speed pellet before microtubule 
assembly. As seen in FIG. 5C, full-length MURF-1 cosedimented with microtubules in 
transfected cells. Consistent with the deletion/immunofluorescence analysis (FIG. 4), all 
MURF-1 deletion mutants containing the leucine-rich coiled-coil domain cosedimented 
with microtubules. Interestingly, however, mutant N212, which contains only the 
leucine-rich coiled-coil domain, was also contained in the supernatant after microtubule 
pelleting (FIG. 5C, lane 5). Since mutant N167 was localized exclusively to the 
microtubule pellet, this suggests that although the leucine-rich coiled-coil domain is 
sufficient for association with microtubules, this domain also requires amino acids 167- 
212 for optimal interaction. Consistent with the aggregation of mutant CI 99, containing 
the RING-finger plus B-box, observed by immunofluorescence, this mutant was 
consistently contained in the initial high speed pellet before microtubule assembly. 
These data further demonstrate that MURF-1 is capable of cosedimenting with 
microtubules and that the leucine-rich coiled-coil domain is required for this association. 

MURF-1 association with microtubules requires homo-oligo merization mediated 
hv the leucine-rich coiled-coil domain . Coiled-coil domains often mediate protein- 
protein interactions. To determine if the leucine-rich coiled-coil domain might mediate 
homo-oligomerization of MURF-1, the inventors performed coimmunoprecipitation 
experiments using ^'S-labeled in vitro translated myc-tagged MURF-1 and Flag-tagged 
MURF-1. As summarized in FIG. 6A, MURF-1 was able to self-associate. Deletion of 
the RING finger, and B-box (mutants N81 and N167) did not affect homo- 
oligomerization, whereas deletion of the leucine-rich coiled-coil domain abolished homo- 
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oligomerization (mutant CI 99). These data demonstrate that the leucine-rich coiled-coil 
domain of MURF-l is a homo-oHgomerization domain. Similarly, the coiled-coil 
domain of RBCC members XNF7, Rfp, and Cbl have also been demonstrated to mediate 
homo-oligomerization (Bartkiewicz et al. , 1999; Cao et al, 1997; Li et al., 1994). 
5 While constructing epitope-tagged versions of MURF-l, the inventors observed 

that the Flag-tag placed at the N-terminus of MURF-l completely inhibited interaction 
with microtubules, resulting in formation of protein aggregates (see FIG. 6B). Therefore, 
to determine if MURF-l associated with microtubules as a homo-oligomer, the N- 
terminal Flag-tagged MURF and the C-terminal myc-tagged MURF-l were transfected 
10 separately or in combination into Hela cells and immunofluorescence was performed. As 
seen in FIG. 6B, the Flag-tagged MURF-l did not significantly colocalize with 
microtubules, instead forming large aggregates. In contrast, co-expression of Flag- 
MURF-1 and the C-terminal myc-tagged version resulted in colocalization of both tagged 
version along the same filamentous stmctures (FIG. 6D). This demonstrates that MURF- 
15 1 associates with microtubules as a homo-oligomer. These data are consistent with the 
inability of versions of MURF-l lacking the leucine-rich coiled-coil homo- 
oligomerization domain to associate with microtubules. 

MURF-l stabilizes microtubules . Recently, Midi was shown to associate with 
and stabilize microtubules (Cainarca et al., 1999; Spencer et al., 1999). Given the 
20 homology of MURF-l with Midi and the ability of endogenous MURF-l to colocalize 
and sediment with microtubules, the inventors determined if MURF-l was able to 
stabilize microtubules in cultured cells. Cos cells were transfected with MURF-l 
expression plasmid, cultured for 2 hours in the presence of 2 nM nocodazole, detergent 
extracted, and MURF-l expression was examined by immunofluorescence. As shown in 
25 FIG. 7A-C, MURF-l prevented depolymerization of microtubules in the presence of 
nocodazole. In untransfected cells lacking MURF-l, microtubules were completely 
depolymerized as indicated by the absence of microtubule staining. Similar results were 
obtained using cold incubation or calcium treatment of detergent-extracted cells to 
destabilize microtubules. 
30 To identify the domain of MURF-l required for microtubule stabilization, the 

previously described deletion mutants of MURF-l were examined for their ability to 
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protect microtubules from depolymerization in transfected Cos cells. MURF-l mutants 
lacking the N-terminal 16 amino acids or the C-terminal 31 amino acids (mutants N16 
and C31) were able to protect microtubules from destabilization to a degree comparable 
to that of full-length MURF (FIG. 7D). Interestingly, deletion mutants of MURF-l 
lacking the RING-fmger did not stabilize microtubules. This demonstrates that the 
microtubule stabilizing effects of MURF-l are dependent on the ability to form filaments 
along microtubules. 

MURF-l causes the formation of glutamic ac id-modified microtubules. 
Microtubules exist in several modified forms. The majority of the tubulin contained 
within microtubules is tyrosinated at its C-terminus. Tubulin that has been detyrosinated 
can possess a glutamic acid residue at its C-terminus (Glu-tubulin) or this residue can be 
removed (delta2-tubulin). Tubulin can also be acetylated. Microtubules composed of 
modified tubulin, such as acetylated tubulin, Glu-tubulin and deltai-tubulin, have been 
demonstrated to be more stable than unmodified or tyrosinated tubulin. The more stable 
the microtubule, the longer it exists without depolymerization, and the greater the 
accumulation of modified tubulin within the microtubule. Therefore, the degree of 
modification is indicative of the age of the microtubule. As another measure of MURF- 
I's ability to stabilize microtubules, cells were transfected with MURF-l and 
immunostained with antibodies specific to the glutamic acid-modified form of tubulin 
(Glu-tubulin). As seen in FIG. 8C, only cells possessing the thick tubular network of 
MURF-l -bound microtubules contain Glu-tubulin, suggesting these microtubules are 
indeed stable and have existed for a significant period without depolymerization. 
Identical results were obtained using a delta2-tubulin antibody. 

To determine if MURF-l expression parallels the formation of Glu-modified 
microtubules during skeletal muscle differentiation, C2 cells were isolated at various 
stages of differentiation and Glu-tubulin was analyzed by western blot analysis. As seen 
in FIG. 8D, the appearance of Glu-tubulin mirrors the expression of MURF-l during 
muscle differentiation. These data demonstrate that MURF-l /microtubule interaction 
leads to a dramatic shift in microtubule equilibrium from a dynamic to a static state and 
suggests a causative role for MURF-l in the establishment of stable microtubules 
required for the formation of striated muscle. 
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Tissue expresssion of MURF2 and MURF3 in embryonic and adults . As with 
MURFl, the inventors determined the localization of expression of MURF2 and MURF3 
in in situ fluorescence studies. Like MURFl, MURF2 appears to be expressed primarily 
in heart tissue, but also in skeletal muscle. Heart expression appears at about El 0.5 and 
increases at El 2. 5 and El 6.5. MURF3, in contrast, appears to be expressed selectively in 
cardiac tissue, although like MURFl and MURF2, its expression increases throughout 
embryogensis. 

MURFs are intermediate filament binders . Using antibodies to MURFs and to 
intermediate filaments such as desmin, vimentin and cytokeratin, the inventors 
determined that each of MURFl, MURF2 and MURFS associated with intermediate 
filaments, indicating a role for MURFs in the stabilization of these molecules as well. In 
addition, MURFl was shown to localize to Z-lines of cultured cardiomyocytes, and 
MURFS localized to Z-lines and the nucleus. 

******************** 

All of the COMPOSITIONS and METHODS disclosed and claimed herein can be 
made and executed without undue experimentation in light of the present disclosure. 
While the compositions and methods of this invention have been described in terms of 
preferred embodiments, it will be apparent to those of skill in the art that variations may 
be applied to the COMPOSITIONS and METHODS and in the steps or in the sequence 
of steps of the method described herein without departing fi:om the concept, spirit and 
scope of the invention. More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be substituted for the agents 
described herein while the same or similar results would be achieved. All such similar 
substitutes and modifications apparent to those skilled in the art are deemed to be within 
the spirit, scope and concept of the invention as defined by the appended claims. 
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